UNCLASSIFIED 


289  362 


l^efi^ioduced 
luf.  the 


ARMED  SERVICES  TECHNICAL  INFORMATION  ACENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  dravi.ngB,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  ;diatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


Contract  No.  DA-11-022-0RD-2956 

CO 


In  High  Tegrerature 


')c;'C  (>'T> 

■  O 


■by 


T.  Moeller,  A.  Vandi,-  Z.  T.  Morrison,  and 
R.  E.  Eibeck 

University  of  Illinois,  Urbana,  Illinois 


Final  Summary  Report 


October  1,  1962 


Dlatrlbutlon  List 


Ccnmanding  Officer 
Plcatlnny  Arsenaa, 

Dover,  New  Jersey 

Attn?  Purchasing  Office,  OBDBB-PBl 

Ccnmanding  General 
U.  S.  Amy  Material  Command 
AJETN:  A-CED-NUC-BR 
Washington  23,  D.C. 

Commanding  Officer 
Watertown  Arsenal 
Watertown,  Massachusetts 
Attn:  OMRO 

Chief  of  Ordnance 
Department  of  the  Army 
Washington  23,  D.C. 

Attn:  Om'fl 

NASA  -  Marshall  Space  Flight  Center 
M-S  and  M-Mr  Attn:  S.  L.  Burt 
HunteviaJLe,  Alabama 

Armed  Services  Technical  Info  Agency 
Dtscument  Service  Center 
Arlington  Hall  Station 
Arlington,  Virginia 

Commanding  Officer 
Office  of  Ordnance  Research 
Box  CM,  Duke  Station 
Durham,  North  Carolina 

Diamond  Ordnance  Fuze  Laboratories 
Connecticut  Avenue  and  Van  Ness  Street,  N.W. 
Washington  23,  D.C. 

Attn:  Technical  Reference  Section 

Commanding  Officer 
Bock  Island  Arsenal 
Bock  Island,  Illinois 
Attn;  Mr.  B.  Shaw 

National  Aeronautics  and  Space  Administration 
Marshall  Space  Flight  Center 
Huntsville,  Alabama 
Attn:  Mr.  Chester  Gray 
M>S  and  M-M 


$  cog>les 


1  Copy 


1  copy 


1  copy 


1  copy 


10  copies 


1  copy 


1  copy 


1  copy 


2  copies 


1  c<^y 


Commanding  General 
Aeronautical  Systems  Division 
Wright -Patterson  Air  Force  Base,  Ohio 
Attn:  WWRCNC-1  (Mr.  Livak) 

Dr.  0.  Barth-Wehrenalp,  Director  1  copy 

Inorganic  Research  Department 
Peimsalt  Chemicals  Corporation 
Box  4388 

Philadelphia  18,  Pennsylvania 

Aeronutronle  Division  of  1  copy 

Pori  Motor  Company 
Ford  Hoad 

Newport  Beach,  California 
Attn:  Mr.  George  Epstein, 

Materials  Department 

Commander  (Code  5557)  1  copy 

U.  S.  Naval  Ordnance  Test  Station 
China  Lake,  California 


i. 

TABLE  CF  COKTEWTS 

k  Page 

I.  Abstract-  -  --  -  —  -  — - - - -  —  -  --  1 


II.  Synthesis  of  5ulfaid.de-  -  --  --  --  --  --  --  --  --  --  2 

A.  introduction-  ----------------------  2 

B.  Expeilmental-  ----------------------  2 

1.  AniMono.lysia  of  sulfuryl  chloride  by  a-mnonia 
accorclj.ng  to  the  procedure  of  Kiroaiiov  as 

modj.fied  by  Sfeijiaej:-  -  --  --  --  --  --  --  --  --  2 

2.  Amnonolysis  of  sulfur^'l  chloride  by  ammonia 
according  to  the  procedure  of  Goshi?#:rg  as 

modified  by  Eibeck-  -  --  --  --  --  --  --  --  --  3 

J.  Attempted  ammonolysis  of  sulfuryl  chloride  vith 

ammonium  chloride  in  symmetrical  tetrc.chloroethane-  -  5 

C.  Discussion-  -----------------------  3 

III.  Synthesis  of  N-Substltuted  Derivatives  of  Snlfomide-  -  -  -  -  4 

A.  Introduction-  ----------------------  4 

B.  Physical  Properties-  ------------------  7 

C.  Unsuccessful  Preparations-  ---------------  7 

D.  Experimental-  ----------------------  7 

E.  Discussion-  -----------------------  12 

IV.  Synthesis  and  Properties  of  N-Substituted  Gulf amides-  -  -  -  -  12 

A.  Introduction-  ----------------------  12 

B*  Physical  Properties-  -------------------  15 

C.  Atte:nptcd  preparation  of  UnSj-miiictrically  Disubstituted 

Sulfaiddes-  -  --  --  --  --  --  --  --  --  --  --  --  l6 

D.  Experimental-  ----------------------  16 

V.  Tliert'ial  Charact  eristics  of  Tri-  end  Tetra-Substituted  Gulf  amides  21 

A.  Liquid  Range-  -  21 

B.  Thermal  Stability-  --------------------  21 

C.  Discussion-  -----------------------  22 

VI.  Synthesis  and  Properties  of  M,N' -Disubstituted  Sulf amides-  -  -  22 

A.  Introduction-  -----------------------  22 

B.  Chemical  and  Physical  Properties-  -------------  26 

C.  Ebqserimental-  -  --  --  --  --  --  --  --  --  --  --  --  26 

VII.  r.oactlwLfc  of  Dialk.,  lo..iramyl  Chlorides  \7ith  Polyamlnes-  -  -  -  -  29 


A.  Introduction-  -----------------------  29 

Physical  Properties-  -------------------  3I 

C.  Thermal  Stability  and  Liquid  Range-  ------------  31 

D.  Experimental-  -----------------------  51 

E.  Discussion-  ------------------------  39 


11 


TABIE  OF  COlfgEIOTS  -  (continued) 


Vm.  SvntheelB  of  Sodium  Polvaulfldea  and  Their  Reactions  vlth 
Reactive  Halogen  Ccmsbunda —  - 

A.  Introduction-  - - —  - - 

B.  Experimental —  —  -  — - 

C.  Dlacuaaion-  —  -  --  —  —  __  — 

DC.  Attempted  Hydroxyalkylat ton  of  N-Subatltuted  Sulf amides-  - 

attempted  PolycpnAenoatlon  Reactions  of  Sulfuryl  Chloride  and 
Polyaailr..?6-  -  -  -  -  - - - 

A.  Introduction-  ----  — 

XI.  Dep.Tnnionetlon  Products  between  Sulf  amide  and  Polyamines-  -  - 

A.  Introduction-  -  --  -  — - -  -  —  —  —  —  - 

B.  Pliyslcal  Properties-  -  —  -  --  --  --  --  —  - 

C.  Experjraentai-  --------------------- 

D.  Discussion-  -  --  --  --  --  --  --  --  --  --  --  -- 


Page 


39 

39 

39 

40 


40 


41 

41 


42 

42 

44 

44 

46 


XII.  Reactions  of  Sulf  amide  and  of  H.M-Dialkvlsulf amides  with 
PhQanhoru3(V)  Chloride-  ---  — 

A.  Introduction- 

B.  Chemical  and  Physical  Properties-  --------- 

C.  Expei'iraental-  -  --  --  --  --  --  --  --  --  -- 

D.  Discussion-  —  -  - - -  -  — - 

XIII.  Reactions  of  Bls-trlchlorophoonhazosulfone  and  of  the 
Dlallivlamldes  of  Trlchlorophoa-phazosulfui-le  Acid  wj,th 
Orlgnard  Reagents-  --  -  - 

A.  Introduction-  ----  —  — 

B.  Physical  Properties-  -  —  ---------  —  — 

C.  Thermal  Stability  and  Liquid  Range-  -----  —  - 

D.  Experimental —  -  --  — - 

E.  Discussion-  --------------------- 

XIV.  Synthesla  of  Trlchloronhosphazosulfonyl  Chloride-  -  -  -  ■ 

A.  Introduction-  ----  —  — 

B.  Physical  Properties-  ---------------- 

C.  Experimental —  -  —  —  — 

D.  Attempted  Pj^eparatlon  of  TribrcmoT'hosphaaosulfonyl 
Bromide- 


46 

46 

48 

48 

52 


52 

52’ 

55 

55 

55 

61 

62 

62 

63 

63 

63 


Hi. 


TABLE  OF  CONTENTS  ( Continued) 

-  Page 


XV,  Synthesis  of  Sulfanurlc  Chloride  by  Thermal  Cleavage  of 

Trlchloronhosnhazosulfonyl  Chloride-  -----------  64 


A.  Introduction-  ---------------------  64 

B.  Physical  Properties-  ------------  -----  67 

C.  E.iqjerimftntal-  -  --  --  --  --  --  --  --  --  --  --  68 

D.  iitte;AT)ted  P:.repai-atlon  of  Su3^anurlc  Chloride  by  the 
tho  Kctictioii  of  Thionyl  Chloride  and  Ammonium  Chloride 

In  vlifj  pj;ef;arire  of  Ch].Grine-  -  --  --  --  --  --  --  68 

E.  Attempted  PvT;parr.tj.on  of  .lulfanuric  Fluoride  by 

Motet.hetical  Exchai.-ge  of  Sulfanuric  Chloride-  -  -  -  -  69 

P.  Discussion-  ----------------------  70 

XVI.  Dipole  tteient  Measurements  of  and  !3 -Sulfanuric  Chloride-  70 


A.  Introduction-  ---------------------  70 

B.  E::uer  irientol-  -  --  --  --  --  --  --  --  --  --  --  73 

C.  Diecunuion-  ----------------------  74 

X7II.  References-  -  --  --  --  --  --  --  --  --  --  --  --  7I4. 


X. 


I,  Abstract 

A  ccnparative  study  of  three  approaches  to  the  synthesis  of  sulfemlde 
has  showi  that  reaction  of  sulfuryl  chloride  with  excess  liquid  ammonia  at 
low  tengperatures  can  be  used  to  prepare  the  compound  with  reasonable 
efficiency. 

A  program  for  the  preparation  of  polymeric,  hl^  temperature  stable 
substances,  based  upon  compounds  belonging  to  the  cannono-sulfurlc  acid 
system,  has  been  instituted.  For  this  purpose,  a  series  of  ammonolysis 
and  sminolysls  reactions  of  sulfamide  and  of  N,N-dlallcylsulfomyl  chlorides 
with  a  variety  of  aliphatic  and  aromatic  amines  have  been  carried  out,  end 
sevei'al  new  N-substltuted  derivatives  of  sulfamlde  have  been  prepared  and 
ehoraetoriced.  lUoir  liquid  ranges  and  thermal  stabilities  have  been 
evaluated  also. 

The  reaction  of  sulfuryl  chloride  with  primary  and  secondary  diamines 
by  the  tiro-liquid  phase  pro.'  edure  hcs  failed  to  produce  polymeric  inorganic- 
organic  materials.  On  the  other  hand,  when  sulfamlde  is  allowed  to  react 
with  alfhatie  polyamlnes  without  solvent,  deosmonatlon  takes  place  readily 
with  the  formation  of  definit®  products.  Moncanerlc  compounds  are  attainable 
by  melt -polymerization  at  whereas  a  linear  polymer  is  produced  when  1,6- 

hexnne-dimnine  reacts  with  sulfamlde  under  appropriate  conditions. 

The  reaction  of  sodium  hydrosulfide  with  sulfur  in  liquid  ammonia  has 
been  found  to  be  a  convenient  method  fox'  the  synthesis  of  anhydrous  sodium 
polysulfides.  Non-metal  polysulfides  have  been  obtained  by  treating  the 
hydrosulfide-Bulllir  solution  in  ammonia  with  a  dlacid  chloride  such  as 
methylene  chloride. 

Sulfamic  acid,  sulfamlde,  and  N,N-dlalJ£ylsulfomldes  have  been  found  to 
react  with  phosphorus  (v)  chloride  to  give  in  good  yields  trlchlorophos- 
phazosulfonyl  chloride,  bis-trlchlorophosphazosulfone,  and  the  diaUtylomldes 
of  trlohlorophosphazosulfuric  acid,  respectively.  Reactions  of  bis- 
trlchlorophosphazosulfone  and  of  the  dialkylamldes,  of  trlchloro- 
phosphazosulfuric  acid  with  Grignard  reagents  have  lead  to  confounds  In 
>dileh  the  chlorine  atoms  are  all  replaced  by  aryl  groups. 

The  synthesis  of  sulfonurlc  chloride  by  theimal  cleavage  of  trichloro- 
]^OBphazo8ulfonyl  chloride  'aas  beoi  successfully  effected.  Inasmuch  as 
two  geometrical  isomers  are  produced  during  the  course  of  such  theimal 
decomposition,  the  measurement  of  dipole  moments  has  been  used  as  a 
possible  criterion  for  the  assignment  of  their  configurations. 

Published  papers  based  upon  work  corroleted  under  this  contract  Include 

A.  Vandi,  T.  Moeller,  and  L.  P.  Audrleth:  ”  Synthesis  and 
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•  A.  Vandi,  T.  Moeller,  and  L.  P.  Audrleth:  "  Seme  Aminolysis  and 

Deammonation  Reactions  of  Dialkylsulfomyl  CJhlnrides  and  Sulfamlde  with 
Polyamlnes'*  ,  J.  Ora.  Chem. .  26,  3478  (1961). 
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In  addition,  a  manuscript  dealing  with  the  sulfanuric  chlorides  and 
several  manuscripts  covering  the  syntheses  of  various  compounds  ore  in 
preparation. 


II.  Synthesis  of  Sulfamtde 


A.  Introduction 

The  preparation  of  sulfanide  has  usually  been  attempted  via  the 
ainmonolysls  of  sulfuryl  chloride,  cither  with  tamnonla  or  vrith  an 
ammonium  salt,  amide,  or  linido  that  might  be  expected  to  yield  ammonia  In 
controlled  quantity.  A  reyfe^r  described  procedures  (1)  indicates  that 
none  of  these  Is  notably  efj'i.'r'.c.Vv  and  that  many  yield  only  negative  results. 
Of  the  piocedures  omploylnr,  £u,'i'’onia,  those  described  by  Kirsanov  (2)  and  by 
Goehrln:^  et  al. ,  (3)  appear  .nost  promising.  These  have  been  recheokad  in  the 
preliminary  phases  of  thin  study,  largely  to  provide  sulf aml.de  for  use  in 
other  areas  of  investigation.  A  single  variant  of  the  reaction  involving 
an  ammonium  salt  has  been  examined. 

B.  Exnerlmental 

1.  Ammonolysla  of  Sul'furvl  Cliloride  bv  Ammonia  According  to  the 
Procedure  of  Klraanov  a'3  ModJ.f  led  by  Snyder  (1),.  —  The  procedure  used 
was  os  follows!  A  3“litcr,  wide-mouthed  Jar,  equipped  with  a  mechanical 
stirrer,  a  themometer,  and  a  gas  inlet  tube,  was  placed  in  an  ice -salt 
bath  contained  in  a  large  battery  jor.  Seven  hundred  fifty  milliliters 
of  carbon  tetrachloride  vms  added  to  the  reaction  Jar  and  the  'whole 
cooled  to  -8°C.  A  strong  evurrent  of  ammonia  was  bubbled  thoough  the 
cooled  carbon  tetrachloride  while  a  solution  of  125  nl.  of  sulfuryl  chloride 
in  625  ml.  of  carbon  tetrachloride  was  added  in  IO-I5  ml.  increments.  After 
each  addition,  the  mixture  was  cooled  to  -8®C.  before  more  of  the  halide  was 
introduced.  After  all  of  the  sulfuryl  chloride  had  been  added,  the  current 
of  ammonia  was  maintained  for  on  additional  30  minutes. 

The  white,  pasty  product  was  treated  with  water  and  the  carbon 
tetrachloride  removed  by  using  a  separatory  funnel  and  then  boiling. 

Ammonium  chloride  was  largely  removed  by  o  series  of  vacuum  evaporations 
on  the  steam  bath  and  subsequent  filtritions.  The  resulting  thick, 
viscous  mass  was  hydrolyzed  by  boiling  ^d.th  0. 5  N  hydrochloric  ad  d.  After 
removal  of  more  water  by  vacuum  evajxjration,  the  product  was  extracted  several 
times,  using  a  Soxhlett  apparatus,  with  acetone  and  ethylacctate.  The 
solvent  was  removed  by  evaporation  and  the  resulting  yellow  crystals 
dissolved  in  boiling  95^  ethonol.  Cooling  then  gave  white  crystals  of 
sulfamlde.  Yield:  11.7  g.  (7.9, 8.3  g.  (5«6"0,  based  on  the  sulfuryl 
chloride  used. 
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2.  /nmonolyBla  of  Sulfuryl  Chloride  'by  Aiwnftwia  Aeeordlng  to  the 
Prooeawe  of  Qoehrina  ^3)  as  Modified  by  ElWck  (4).  —  Ihe  lapst  eflPectlve 
proMdwe  was  as  follows:  A  2~iiter,  J-ne^ed  flask,  equipped  with  a 
mechanical  stirrer,  a  dropping  funnel,  and  a  vent  attoched  to  a  drying 
tube,  was  cooled  to  ca»  -70*‘C<  by  means  of  a  Dry  Ice-chlorofozm  bath.  Seme 
300  ml.  of  liquid  onmonia  was  then  condensed  Into  the  flask  at  -70‘‘C,  A 
solution  consisting  of  30  ml.  of  sulfuxyl  chloride  In  400  ml.  of  petroleum 
ether  (b.p.  90-110 "C.)  was  then  added  dropwlse  ond  with  vigorous stl);sii:g  over 
a  period  of  160  minutes,  with  the  temperature  remalzrlng  within  3-4"  of 
-70  “C.  She  flask  was  then  allowed  to  warm  over  night  to  room  temperature 
to  remove  unreacted  ammonia.  The  ether  layer  was  removed  and  the 
product  dried  at  room  temperature.  Two  extractions,  each  with  230  ml.  of 
ethyl  acetate,  were  carried  out.  From  each,  white  crystals  resulted  upon 
evaporation  of  the  solvent.  The  remalnlzig  solid  was  dissolved  In  a  solution 
obtained  by  diluting  13  ml.  of  12  N  hydrochloric  acid  to  100  ml.  with 
water.  This  solution  was  evaporated  and  the  brown  solid  obtained  extracted 
with  ethyl  acetate.  The  coaibined  crystals  from  the  three  ethyl  acetate 
extractions  were  dissolved  In  boiling  93;'  etluinol.  Cooling  gave  white, 
crystalline  sulfamidc.  Yield:  27.86  g.  (46.3;t).  Comparable  runs  where 
acetone  was  used  for  the  initial  extraction  gave  yields  of  only  8.7  g. 
(14.6,'^);  and  11.0  g.  (l8.8;f). 

3*  Attemtted  /^itmonolvsis  of  Sulfuryl  Chloride  irith  ChlnyiAft 

in  Symmetrical  Tetrachloroethane.  —  The  procedure  employed  was  as 
follows:  a  mixture  of  13*5  gT  To.l  mole)  of  sulfuryl  chloride  and  10.7  g. 
(0.1  mole)  of  ammonium  chloride  was  refluxed  in  500  ml.  of  tetrachloroethane 
for  9  h(}urs,  escaping  vapors  being  trapped  in  2  M  sodium  hydroxide  solution. 
The  solution  In  the  trap  was  then  neutralized  with  ivitric  acid  and  its 
chloride  content  determined  by  Mohr  titration.  Approximately  0.2  mole 
of  chloride  ion  was  found,  suggesting  that  ommonolysls  had  accurred  with 
release  of  hydrogen  chloride.  However,  0.1  moJn  of  ammonium  chloride 
was  recovered  from  the  initial  reaction  mixture.  Since  the  liquid  had 
changed  from  colorless  to  yellowish.  It  was  reasonable  to  assume  that  the 
solvent  had  undergone  reaction.  Repetition  of  the  e^qierlment  with  omission' 
of  the  ammonium  chloride,  gave  0.2  mole  of  chloride  Ion  in  the  trap, 
indicating  only  reaction  of  sulfuryl  chloride  vdth  tetrachloroet2:ane  and 
no  emmonolysls. 

C.  Discussion 

Much  of  the  tediousness  and  inefficiency  of  the  Kirsanov  procedure 
Is  eliminated  by  on  adaptation  of  the  Cloehrlog  method.  The  reported  yield 
of  42fj  (av. )  can  be  duplicated,  if  suitable  precautions  are  taken.  In 
every  Instance  ;diere  lower  yields  resulted,  acetone  was  used  os  a  primary 
extraction  solvent.  This  resulted  In  the  formation  of  large  quantities  of 
reddish-black,  tarry  matcziol,  which  apparently  interfered  with  ultimate 
conversion  to  sulfsmide.  This  difficulty  is  eliminated  by  use  of  ethyl 
acetate  and  by  never  evaporating  above  rocm  temperature. 

If  a  stated  yield  of  ca.  40/^  Is  assumed  to  be  a  reasormble  average 
for  the  Goehrlng  procedure,  the  overall  conversion  In  terms  of  the  equation 

SOaCla  +  4MH3  S0a(MH3)a  +  211H4CI 


4, 


does  not  suggest  this  to  te  a  pairtilciilarly  practical  pxoeess.  Houever, 
there  is  every  evidence  (3)  that  the  initial  process  yields  Imldodlsulf amide 
as  'Hell 

jeOaGla  +  12NHa  SQs(HHa)2  +  mu'^’lHaNSPaNSOaWBa]*  +  6NII4CI 

Subsequent  hydrolysis  of  the  latter 

4.  + 

NH4  [HeNBOaNSQaNHSr  +  IfcO  -»■  S0a(NHe)2  +  NH4  [HaNSOa] 

Indicates  a  total  conversion  to  sulfamlde  in  the  mole  ratio 

SO2CI2:  S02(mfe)2  -  3j2 

Thus  a  yield  of  27*86  g.  (p.  3)  ,  vtilciii  amounted  to  46.5^  on  the  basis  of 
1:1  correspondence  betveen  sulfurj'l  chloride  and  sulfamlde,  becomes  70*5^ 
on  the  basis  of  the  second  path.  Evaluation  In  teims  of  the  ammonium 
chloride  recovered  is  in  good  agreement  idth  this  figure. 

Formation  of  Imidodlsulfamide  by  direct  reaction  of  sulfuryl  chloride  vlth 
ammonia  plus  lade  of  reaction  of  sulfuryl  chloride  vlth  ajrmnonia  chloride,  a  poorer 
source  or  ammonia,  sug^^est  thi'rt  direct  fozmatlon  oi  sulfamioe  must  require 
more  basic  conditions  than  have  been  achieved  here.  In  a  measure,  these 
are  caupensated  for  by  the  presence  of  a  large  excess  of  a'amonia  at 
ell  times,  but  even  then  some  deommonation  must  occur.  It  is  conceivable 
that  the  preannee  of  basic  Ions  In  the  ammonia  \fould  limit  Imidodlsulfamide 
formation  and  thereby  io^rove  the  yield. 

III.  M-Substltuted  Derivatives  of  Sulfomlde 
A.  Introduction 


Material  Included  in  this  report  relates  to  synthesis  and  characterization 
only.  The  synthesis  program  involved  the  preparation  of  a  number  of  N^N'- 
disubstituted,  N,1II,N' -trl substituted,  and  K,K,N',N'-tetra3ubstituted  sulfomldes, 
which  may  be  represented  by  the  followii^g  generalized  formulas; 

0  0 

T  T 

R-NH-S-NH-R'  N-S-NH-R" 


0 


I 


II 


R«' 


R*' 


"N-S-N' 


I 


R' 


III 
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Thus  far,  only  coo^unds  relatln£[  to  formulas  II  and  III  have  teen 
prepared,  vhere: 

B  =  B'  =  an  alkyl  radical 

R' '  and  R' '  ’  may  he  alkyi,  aryl,  alkaryi,  or  heterocyclic  radicals, 

A  survey  of  the  literature  revealed  the  following  general  synthetic 
methods  for  the  preparation  of  N,N,N'-ti‘isubstltuted  and  N,N>K',N'- 
tetrasuhstltubed  sulfamldes. 


1.  Efiactlon  of  a  dialkylsulfaayl  chloride  with  a  prlmalry  amine. 


Cl  +  2B2N-R' ' 


This  reaction  la  the  most  frequently  reported  method  for  the  preparation 
of  symmetrical  and  unainimetrlcal  trlbubstltuted  sulfamldes.  Chloroform  (5), 
benzene  or  ether  (.6)  have  been  used  as  solvents  for  carrying  out  the 
reaction.  Ah  excess  of  primary'  amine,  to  react  with  the  hydrogen 
chloride  released.  Is  usually  used  as  acid  acceptor. 

2.  Reaction  of  a  dlalkylsulfamj'lchlorlde  with  a  secondary  amine. 

0  0 

R.  t  T  + 

^N-S-Cl  +  2HMR"R"'  ->  +  [R"R"'NH;s]  Cl" 

R'  ^  R'  R"' 


This  reaction  Is  the  most  frequently  reported  method  for  the  preparation 
of  symmetrical  and  unsymmetrical  tetrasubstituted  sulfamldes. 

Chloroform  (5)  has  been  used  as  a  solvent  for  carrying  out  the 
reaction,  and  an  excess  of  secondary  amine  has  been  used  to  react 
with  the  hydrogen  chloride  which  is  evolved. 


3.  Reaction  of  sulfuryl  chloride  with  a  secondary  amine. 


2 


4  'tra  +  SOaCla 


f 

^N-S-K 
B'  ^Rf 
0 


2[RR'HHij]‘^Cr 


This  method,  which  yields  symmetrical  tetresubstltirted  sulfamldes  and 
Is  carried  out  in  cold  benzene,  is  reported  in  the  literature  in  a 
patent  (7). 

4.  Reaction  of  ArSOgCl  with  primary  or  secondary  amines, 

0 

R^  CoHg  ^  R  +  - 

3  +  ArSOaCl  - ^  ^N-S-N^  +  ArOH  +  C  J/HHa]  Cl 

Rf  Cold  R'^  ^  R'  R' 

method  also  +>->+v.«,pi>hot,-*t.iit.pd  piil-Pnrn'Idpn,  f81 
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'  During  this  lnivestlgatlon>  9  trlBubstltuted  and  tetrseubstltuted 
jBulfoinldes  were  prepared  and  characterlaed.  Of  the  ccropounds  syntheBized, 
7  are  new  con®ositions  of  matter  not  reported  in  the  literature. 

All  these  compounds  were  prepared  by  allowing  diethyloulfaoyl- 
chloride  (Ijmole)  to  react  with  a  primary  or  secondary  amine  (2  moles) 
and  refluxing  in  chloroform  or  ether  ns  solvent. 

For  this  purpose  diethylsulfomylchlorlde  has  been  prepared  either  by 
refluxing  diethylamine  hydrochloride  with  an  excess  of  redistilled 
sulfuryl  chloride  (5)  or  by  adding  pure  diethylamine  dropwise  to  an 
excess  of  redistilled  sulfuryl  chloride  (9).  Tlie  latter  procedure  gives 
better  results  than  the  first  one  and  also,  according  to  the  literature, 
the  j-leld  is  more  satisfactory.  Dlethylsulfanyl  chloride  is  a  colorless 
liquid  which  boils  at  75 “C.  at  3  mm. 

The  reaction  of  dlethylsulfamylchloride  with  a  primary  amine 
is  repreesnted  by  the  following  equation: 

0  9 

Et.  t  Et.  ■, 

^M-S-Cl  +  aEaN-R-*  +  [R-lfflarci 

Et  1  Et  ■ 

0 

Where:  R  =  H,  C4Ha“,  CoIIg-,  CgHij. • 

The  folloidng  trisubstituted  sulfnmifles  were  prepared  by  this  type  of 
reaction. 


I 


I.  N,  N-diethylsu3fomide 
T.I  N,  K-diethyl-H '  -butylsulf omlde 
III  N, N-dlethyl-W ' -eyclohexylsulf amide 
IV  N,  N-dietl:yl-K '  -phenylaulf amide 

All  of  these  compounds  except  K,N-dlethylBulf omlde  were  prepared  in 
this  way.  N,N-dlethylsulf omlde  was  prepared  by  adding  the  pure  diethyl¬ 
sulfomylchlorlde  dropvdse  to  an  excess  of  liquid  ammonia  (5)  with  vigorous 
agitation  over  a  period  of  2  hours,  followed  by  evaporation  of  the  excess  of 
liquid  ammonia  at  room  temperature.  The  pure  product  was  obtained  by  means 
of  several  recrystallizations  from  ether. 


The  reaction  of  diethylsulfomylchlorlde  with  a  secondary  amine  Is 
represented  by  the  following  equation: 

P  0 

Et  4  Et  4-  .R 

^N-S-Cl  +  2H1IRR'  ->  +  [RK'UIferci 

Et"^  i  Et''  4! 

I  6 

Where:  R  =  R'  =  C4H8” 
rR  *  CaRg" 

^R'=  CH3 
rR  =  CoIIpi 
^R'=  CHa 

R  =  R'  is  a  heterocyclic  group  such  as  morpholine  or 
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She  follovlos  tetrasubatltuted  sulfamldes  were  prepared  by  this  type  of 
reactiohs. 

V  K,  N-diethyl-N ' ,  K '  -dlhutylsulf omlde 
VI  K,H-diethyl-4-iooiphollne8ulfainide 
Vil  K,N»diethyl-4-piperidine8uIfainlde 
VIII  N,  N-diethyl-H '  -pheijyl-H '  -aethylsulf amide 
IX  H,K-diethyl-K  •  -cyclohexyl-N '  -aotbylsuJf tanlde 

S.  Rivslcal  Properties 

Tri>  and  tetrasuhetituted  sulfanides  are  generally  colorless  oily 
materials.  Vhen  they  are  solids^  they  have  very  low  melting  points  and 
are  very  difficult  to  recrystallize.  Nozmal  heptane  was  found  to  he  the 
best  solvent  for  such  recryatalUzations.  The  cempounds  are  soluble  in 
all  the  common  organic  solvents  but  are  insoluble  in  cold  water.  The 
trisubstituted  sulftanidea  are  soluble  in  allcali^  owing  to  the  presence  of 
an  acidic  hydrogen  atomj  whereas  the  tetrasubstituted  derivatives  are 
insoluble. 

C,  Unsuccessful  Prenaratlons 

Oiethylsulfanylchloride  does  not  react  with  dlphenylamlne^  either 
in  the  presence  of  chloroform  and  benzene  as  solvents  or  in  the  absence 
of  solvent.  The  mixture  in  the  molar  ratio  1:2  was  refluxed  for  48  hours^ 
but  after  this  period  of  time  unreacted  diphenylamine  and  diethylsulfamylo 
chloride  were  obtained  by  distillation  under  vacuum. 

Becently,  it  has  been  found  that  sulfamide  when  treated  with  amines 
yields  mono-  and  dlsuhstituted  sulfamldes.  V?e  tried  to  prepay  the 
diphenylsulf snide  hy  heating  sulfamide  and  diphenylamine  in  the  molar 
ratio  1:1  at  90-120 '’C.  without  solvent^  with  the  intent  of  allowing  thD 
diphenylsulf  snide  to  react  suhscQuently  with  diethylamine. 

Unfortunately  no  reaction  occurs  tdien  sulfamide  and  diphenylamine 
are  mixed  together  at  90-120 ®C.  for  three  hours.  Even  after  5  hours  heating 
at  l6o'’C.  only  imreacted  dlphenylomine  and  a  polymeric  material^  due 
perhaps  to  the  polymerization  of  sulfamide,  were  obtoined.  An  indirect 
way  to  px'epare  N,N-diethyl-M',  If '-diphenylsulf  amide  was  attempted  too. 

Here,  we  tried  to  prepare  the  diphenylsulfomylohloride  intending  to  react  the 
latter  with  diethylamine.  Hie  mixture  was  then  slowly  poured  into  a  flask 
fitted  with  a  reflux  condenser.  The  mixture  was  heated  gently  and  held 
for  12  hours.  After  the  removal  of  the  excess  of  sulfuzylchloride,  the  solid 
material  was  dissolved  in  hot  benzene  and  recrystallized.  The  white 
product,  after  recrystalllzatlon  from  n-heptane,  melts  at  138-139*0. 

A  test  to  check  the  presence  of  sulphur  In  the  cempound  gave  negative 
results.  Hlcroanalyslschowed  the  substance  to  be  2,  4,  6,  2',  4',  6* 
hexachlorodlphenylamlnc.  According  to  the  literature,  that  cong)Ouna 
melts  at  138-139"  (10). 

D.  Experimental 

The  general  conditions  for  the  preparation  of  trl-  and  tetrasiibstituted 
sulfamldes  are  eimmarlzsd  in  Tobin  I  and  Table  II,  respectively.  Analytical 
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tota  are  given  In  Table  III  and  phyaical  constant  data  In  Table  IV. 

Table  I 

Ptenaratlon  of  Trlsubstltirted  Sulfanldea 
Reaction  Conditions 


Moles 

Acid 

Tesip. 

Time 

Sta-M-SOfl-Cl  i\inlne 

Acceptor 

Solvent  ( *C. ) 

11 

0.1 

0.2 

Amine 

CHClg  70"C. 

8 

111 

0.1 

0.2 

Amine 

CHCla  70*C. 

1 

IV 

0.1 

0.2 

Amine  CHCla  70*C, 

Table  II 

12 

Prenaxation  of  Tetrasubstituted  Sulfemldes 

Reaction  Conditions 

Moles 

Acid 

Tanp. 

Tli» 

Eto-R-SOo-Cl 

Amine 

Acceptor 

Solvent  ( “C. ) 

V 

0.1 

0.2 

Amine 

CHCI3  70''C. 

1 

VI 

0.1 

0.2 

Amine 

CHCI3  70*0. 

2 

Vll 

0.1 

0.2 

Amine 

CHCla  0"C. 

12 

VIU  0.1 

0.2 

Amine 

70*C. 

1$  min. 

IX 

0.1 

0.2 

Amine 

CHCI3  70“C. 

1 

1.  p^«»■^■hYlHu^^Pl3nylchlorlde.  —  Sulfurylcblorlde  (1^4  q,,  1.0  mole)  vas 
placed  In  a  tbree-nciSsed  flask  equipped  vriLth  a  mechanical  stirreri  a 
reflux  condenser,  and  a  small  dropping  funnel.  The  flask  vas  surrounded 
with  an  ice  bath,  and  diethylamine  CO* 5  1>0  mole)  was  added  dxopwlse  to 

the  sulfurylchloride  with  vigorous  agitation.  The  reaction  mixture  vas 
vaxmed  and  carefully  poured  into  a  flask,  fitted  vitb  a  reflux  condenser. 
Qentle  refluxing  vas  continued  for  2k  hours.  The  viscous  yellow  material 
vas  cooled  and  voshed  with  a  dilute  solution  of  NagCOs.  The  oily  material 
vhich  vas  seperated  vas  dissolved  in  ether  and  dried  over  CaCla.  The 
ether  vas  distilled  off  leaving  on  oil. 

The  final  product,  obtained  by  means  of  vacuum  distillation,  vas  a 
colorless  oil,  b.p.  62*’C./0.02  mm.  Yield:  $6.0  g.  ($$.0^  based  on 
the  amine). 
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2.  H.M-dlethylsulfeiiilde.  —  liquid  antDonlu  (iPO  nl. }  vas  placed  in 
a  tbree^necked  flasb  fitted  vlth  a  mechanical  stirrer,  an  outlet  tilbe 
and  a  snail  separatory  funnel.  She  flask  vme  surrounded  vlth  a  hath  of 
netbylceHosolve  and  "  dry-ice*'  to  keep  the  temperature  at  -70*C. 
Dlethylsulfanylchlorlde  (20  g.,  0.117  mole)  vas  added  dropulee  intvo 
hours  vlth  vigorous  agitation.  The  solution  vas  stirred  for  tvo  hours, 
axid  the  the  flask  vas  kept  at  rocm  tesq^rature  In  order  to  allow  the 
evaporation  of  the  excess  of  liquid  eamonla.  The  solid  material  was 
dissolved  In  hot  ether.  The  suspension  vas  filtered  end  the  ether 
distilled  off  under  vacuum. 

The  Vhlte  crystalline  ccmpound,  after  tvo  xecrystalUzatlons 
from  ether,  tselts  at  44''C.  field:  d* 

Anal.  Calod.  for  C4Hi2Ka0aS:  C,  31-57;  H,  7-95;  H,  l8.4l. 

Found  J  C,  31.49;  H,  7.72;  N,  lS.49. 

3.  H.  N-dlethvl-M  *  -hutylsulf  amide.  —  Diethylsulfemylchlorlde 

( 17. 1  g. ,  0. 1  mole } ,  hutylaMna  ( g. ,  0.2  moles),  and  60  ml.  of 
chiorofom  vere  placed  In  a  flask  fitted  vlth  a  reflux  condenser. 

The  reaction  mixture  was  held  at  70 “C.  for  8  hours.  The  excess  of 
chloroform  was  then  distilled  off,  and  the  remaining  dork  oily  siaterlal 
was  shaken  in  a  separatory  funnel  with  ether  (100  nl. )  and  water  (200  ml.). 
The  ether  layer  was  dried  over  anhydrous  CaCle  and  the  ether  distilled 
off  leaving  a  dark  oily  residue. 

The  product,  obtained  oftor  two  vacuim  distillations,  was  a  colorless 
oil,  b.p.  67  C./O.l  mm. ,  n^^  1.4310. 

Anal.  Calcd.  for  CoKaoHsOaS;  C,  46.16;  H,  9-68;  N,  13.45. 

Pound;  C,  45.90;  H,  9.48;  N,  13.14. 

4.  NiN-dlethyl-M'  "cyclohexylsulf amide.  --  Dlethylaulfanylchloride 
(17.1  g.,  0.1  mole),  cyclohexylenlne  (20  g.,  0.2  moles),  and  50  ml.  of 
chloroform  vere  placed  In  a  flask  equipped  vlth  a  reflwc  condenser.  Qentle 
refluxing  vas  held  at  70**C.  for  1  hours.  The  excess  of  chlorofozm  vas  then 
distilled  off,  and  the  dark  residue  vas  partitioned  betveen  vater  and  ether 
and  shaken  in  a  separatory  funnel.  The  ether  layer  was  dried  over  CaCle 
and  the  ether  distilled  off  leaving  a  dark  oily  materials. 

The  product,  obtained  after  vacuum  distillation,  vas  a  colorless, 
viscous  oil,  b.p.  136“C./l  mm.  On  standing  the  product  solidified  to  a 
crystalline  mass,  vhlch  after  recrystalllzatlon  from  n-heptane  melts  at 
49‘’C.  Yield:  14.0  g.  (6055). 

Anal.  Calcd.  for  CioH^NsOgS:  C,  51.28;  H,  9.47}  N,  11. 95. 

Pound  ;  C,  50.80;  H,  9.40;  N,  11. 85. 
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5*  Ni  W-aietbyl-N*  -nheaylsttlf anlde.  “-DlethylaulTaaiylchlorlde 
(17. 1  g. ,  0.1  mole),  aniline  (10.6  g.,  0, 2  noles ) ,  aod  100  ml.  of  chloroform 
were:piaj8ea  In  a  ^f^  a  reflux  condenaer.  Gentle  ref lu^ng 

ytaa  held  at  70“0.  for  12  houra.  The  exeesa  of  chlprcrform  vas  then  distilled 
off,  and  the  viscous  residue  vas  dissolved  in  ether  and  filtered.  The  ether 
vaa  distilled  off  leaving  a  dark,  viscous  oily  material. 

The  product,  ohtained  after  tvo  vacuum  distillations  was  a  yellow^ 
orange  oil,  b.p,  17i“C./2.5  wm.,  1.5260, 

Anal.  Calcd.  for  CioHxeNaOaS:  C,  52.64;  H,  7.06;  N,  12.28. 

Pound:  C,  52.48;  H,  7.11;  N,  11.95. 

6.  N,  N-dlethyl-N  * ,  N '  -dlbutvlsulf  sMde .  -  -  Dlethylsulfamylchlorlde 
(17.1  g.,  0.1  mole),  dl-butylamlne  (25.8  g.,  0.2  moles),  and  100  ml.  of 
chlorefom  were  placed  in  a  flask  fitted  with  a  reflux  condenser.  The 
reaction,  slightly  exothermic,  was  eon^lete  a^er  1  hour  with  gentle 
heating  at  70*0.  After  the  removal  of  the  excess  of  chloroform,  the  dark 
residue  vas  partitioned  between  ether  and  water  by  shaking  in  a  separatory 
funnel.  The  ether  layer  was  dried  over  anhydrous  CaCls  and  the  ether 
distilled  off,  leaving  a  viscous,  yellow  oil* 

The  product,  obtained  after  two  vacuum  distillations,  was  a  colorless 
oil,  b.p.  8a*C./0.15  mm.  n®®  1.4500. 

Anal.  Calcd.  for  CiaHaaNaOaS:  C,  54.53;  H,  10.68;  N,  10.60. 

Pound  :  C,  54.35;  H,  10.34;  N,  10.31. 

7.  N,N-dietbyl-4-morpholine8ulfaiBide. —  Diethylsulfamylehlorlde 
(17.1  g. ,  0.1  mole),  morpholine  (17  g.j  0.2  moles)  and  50  ml.  of  chloroform 
were  placed  in  a  flask  equipped  with  a  reflux  condenser.  The  reaction, 
initially  very  v  igoioua,  required  external  coollng;then  gentle  refluxing 
was  held  at  70"c.  for  2  hours.  After  the  removal  of  the  hydrochloride  by 
means  of  filtration,  the  excess  of  chloroform  vas  distilled  off.  The  residue 
was  then  partitioned  between  ether  and  water  by  shaking  in  a  separatory 
funnel.  The  ether  layer  was  dried  over  CaCla  and  the  ether  diatllled  off, 
leaving  a  viscous  oily  material. 

The  product,  obtained  frem  vacuum  distillation,  was  a  colorless  oil, 
b.p.  91‘’C./0.15  mm.,  1.4695.  Yield:  14  g,  ilOfo), 

Anal.  Calcd.  for  CaHiaNaOaS:  C,  43.24;  H,  8.I6;  N,  12.61. 

Pound  :  C,  45.13;  H,  6,25;  N,  12.44. 

8.  M , N-diethyl-4-plnerldlneeulf eauide . - -  Dlethylsulfamylchlorlde 
(17.1  g.,  0-1  mole),  piperidine  (17  g.,  0.2  moles),  and  100  ml.  of  cbloro- 
fozm  were  placed  in  a  flask  fitted  with  a  reflux  condenser.  The  very 
exothezmlc  reaction  required  external  cooling,  and  then  the  mixture  was 
held  overnight  at  room  temperature.  After  the  removed  of  the  hydrochloride 
by  means  of  filtration,  the  excess  of  chlorofom  was  distilled  off.  The 
residue  was  partitioned  between  ether  and  water  by  shaking  in  a  separatory 
fuzmel.  The  ether  layer  was  dried  over  anhydrous  CaCls  and  the  ether  distilled 
off,  leaving  a  viscous,  oily  material. 
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The  product;  obtained  after  vacuum  distillation;  was  a  colorless 
oil,  b.p.  90*C./0.05  nun.,  1.4722.  Yield:  14.6  g.  t70jS). 

teal.  Calcd.  for  Cs^aoNaCiaS:  C,  49.09;  H,  9*15;  N,  12.72. 

Pound  ?  C,  48.77;  H,  8.83;  N,  12.84. 

9.  N.  W-dlethvl-N*  -eyetohexyl*N'  -aethvlsulfamlde. —  Diethylsulfanyl- 
chloride  (17.1  e<>  0.1  mole),  cycldhexylmethylaniine '{22.6  g.,  0.2  moles), 
and  30  ml.  of  chlorofom  were  placed  in  a  flask  equipped  with  a  reflux 
condenser.  Gentle  heating  was  maintained  for  1  hour  -:dille  refluxing  took 
place.  The  red  solution  was  then  distilled  under  vacuum  In  order  to  take  off 
the  excess  of  chloroform.  After  the  removal  of  the  solvent,  the  dark  solid 
was  washed  with  ether  and  filtered.  The  ether  solution  was  then  shaken  with 
water  In  a  separatory  funnel  and  the  ether  layer  dried  over  CaCla.  The 
ether  was  distilled  off,  leaving  a  viscous,  oily  residue. 

The  product,  obtained  after  two  vacuum  distillations,  was  a  colorless 
oil,  b.p.  101-102"C./0.2  mm.,  1.4726. 

teal.  Calcd.  for  CiiHa4NaQ2S;  C,  53.21;  fl,  9.74;  K,  11.28. 

Pound  :  C,  53.40;  H,  9*78;  N,  11. 16. 

10.  N.  N-diethvl-H'  -nhenvl-H*  -methvlaulf amide.  --  Diethylsulfanylehlorlde 
(17.1  g. ,  0.1  mole)  and  taethylanlline  (21.6  g. ,  0.2  moles)  were  placed  in  a 
flask  fitted  with  a  condenser  without  solvent.  Gentle  heating  was 
required  to  start  the  reaction,  but  then  it  carried  on  at  room  temperature. 

The  mixture  was  left  standing  for  1  hour.  The  solid  was  dissolved  In  ether 
and  filtered.  The  ether  layer  was  dried  over  CaCl£  and  the  ether  distilled 
off  leaving  a  yellow  viscous  oily  residue. 

The  product,  obtained  after  two  vacuum  distillation,  was  a  colorless 
oil,  b.p.  98’C./0.1  mm.,  ng®  I.516O. 

teal.  Calcd.  for  CiiHiaNaOaS:  C,  34.55;  H,  7.49;  W,  11. 36. 

Found;  C,  54.32;  H,  7.16;  N,  11. 35. 

11.  Attempted  Preparation  of  Dlnhenylsulfanvlchloride. —  Sulfuxyl 
chloride  (30  ml.)  <uid  50  ml.  of  benzene  were  placed  in  a  three -necked  flask 
equipped  with  a  mechanical  stirrer,  a  reflux  condenser,  and  a  small 
separatory  funnel.  The  flask  was  surrounded  with  an  ice-water  bath. 
Dlphenylamlne  (I6.9  g. ,  0.1  mole),  dissolved  iu  50  ml.  of  bensene,  was 
slowly  added  to  the  sulfiuryl  chloride  with  vigorous  agitation.  The  mixture 
was  warmed  and  poured  Into  a  5OO  ml.  flask  and  refluxed  gently  for  12 

hours.  It  was  then  left  standing  overnight.  The  precipitate  ^ich  was  foxned 
and  crystallized  from  benzene. 

The  white  compound,  after  two  recrystalllzations  from  n-heptane  melts 
at  138-139'’C.  ,  but  it  contains  no  sulfur.  However,  the  chlorination 
product  2,4,6,2’,2' ,6'  hoxachlorodlphenylamlne  is  reported  In  Beilsteln 
as  having  a  m.p.  of  138-139*0. 

teal.  Calcd.  for  CiaHsCloN;  C,  38-34;  H,  1,54;  N,  3-72. 

Found  ;  C,  38.47;  H,  I.5I;  N,  4.19, 
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E.  PlBCUseloo 

Synthesis  of  tfii-  ahd  tettasui^fltltuted  sulfoBideB  via  reaction  of 
N>N-dl8Ubstltuted  sullfaEnyl  chlorides  vith  prlnary  and  secondary  anines 
prescidis  no  difficulty  ^en  the  anines  are  reasonably  strongly  basic. 
However^  reduction  in  hasicii^,  as  by  excessive  substitution  vlth  aryl 
groups  Ihnlts  the  reaction.  It  will  be  profitable,  of  course,  to  cheek 
this  generallaatiok  by  use  of  additional  emines  of  varying  basiteLty 
It  is  apparent  that  the  products  are  obtainable  in  high  purity  with  a 
nlhlnun  of  e:^rli&ental  difficulty. 

The  cotopounds  characterized  ere  relatively  high-boiling  substances. 
They  appear  to  be  stable  in  air  at  ordinary  tes^eratures,  but  data  have 
not  yet  been  obtained  to  indicate  their  thermal  stabilities.  That  they 
are  insoluble  In  vater  but  soluble  in  organic  solvents  is  an  indication 
of  both  their  high  degree  of  covalency  and  their  general  organic  natures. 

IV.  Synthesis  and  Pronertles  of  N-Substltuted  Sulfamldes 
A.  Introduction 


With  the  object  of  preparing  new  N,N,N' -trisubstituted  axid 
substituted  eulfemides  in  \diicb  the  diethyl  radical  was  I’eplaced  by  an 
heterocyclic  group,  reactions  of  M-cyclopentaoethylenesulfamyl  chloride  with 
different  aliphatic  and  arcmiatlc  amines  have  been  carried  out  during  this 
synthesis  program. 

Tor  this  purpose  N-cyclopentomethylenesulfamyl  chloride  has  been 
prepared  by  the  standard  procedure  (11)  as  modified  by  Audrieth  and  von 
Brauchltsch  (12).  During  this  Investigation,  ten  N-substltuted  sulfamldes 
all  of  new  composition  of  matter  not  reported  in  the  literature,  have 
been  prepared  emd  characterized. 

» 

The  general  reaction  with  primary  amines  Is  represented  by  the 
CSa 

'^N-SOfiCl  +  SlfeN-R 
CHa^ 

^CHg  -  Clfe  f 

HgC  N-S-rJH-R  +  [R-NHa]  Cl 

'  GHa  -  CHe'  ^ 


following  equation: 

^CUe  - 

HfiC 

CBg  - 


Where:  R  *=  H,  CaHii-,  S-CioHy,  CgHs-,  CeHgCr*[g-, 
p— CHaGgB^-,  p— CH3C0H4*, 


However  when  secondary  or  heterocyclic  amines  are  enqjloyed  the  reaction 


Tab;Ui  iv 


Prcpertles  cf  Trl-  and  Tetraeubstituted  SuJJamldes 


ConjDOUQd 

M.P. 

(*c.) 

B.P. 

(“C./am. ) 

t'C. 

“d 

N,  II>dletbyls\ilf amide 

44 

— 

— 

N,  N-diethyl-N'  -phenylflulf amide 

— 

171/2.5 

1.5260 

N,  N-diethyl-N* ,  N '  -dibubyl- 
sulf  amide 

— 

88/0. 15 

1.4500 

N,N-diethyl~N'  -eycXohexyl- 
aulf  amide 

49 

136/1.0 

K,  N»diethyl“4-morphollae  - 
Bulf  amide 

— 

91/0.15 

1.4695 

N,  N-dlethyl-4-pii)erldine- 
sulf  amide 

-- 

90/0.03 

1.4722 

H,  N-diethy  1-N '  •cyclohexyl-N '  - 
me'chyleulf anij.de 

— 

101/102/0.2 

1.4726 

N,  N-diethyl-H '  -phenyl-N '  - 
metbylsxtlf  amide 

— 

98/0.1 

1. 5160 

N,N-dlethyl-N'  -butylsulf  amide 

— 

87/0.1 

1.4510 

'I 


15. 

pxbceeds  aa  foUo^n; 

-  CHa  JR 

HsC  N-SCfeOl  +  2Hir‘ 

-  GIfe  R' 


^CHs  -  CHa  A  R  4. 

RaC-  -  3  -  +  [HR'Ugal  Cl" 

^CHa  -  CRa  ^  ''R' 

Iftielre:  R  »  R*  Is  &n  heterocyclic  group  such  as  morpholine 

-R  “  CeHii 
..R'=  CHa* 


The  follovtng  N-auhstituted  sulfemldes  uere  prepared  by  this  type  of  reaction: 

I.  N-cyclopentamethylenesulfanlde 

II.  N-cyclopentamethylene-N'eyclohexylsulf amide 

III.  N-cyclopentanethylene-N'  -2-naphthylsulf  amide 

IV .  N-cyclopentamothylene-N'  -phenylsulf  amide 

V .  N-cyclopentamethylene-N'benzylsulf  amide 

VI.  N-cyelopentamethylene-Ii'  -£-tolyl8ulfamide 

VII.  N-cyclopentamethylene-N'-o-tolylsulf amide 

VIII.  N-cyclopentamethylene-N’m-tolylsulfamide 

IX.  N-cyelopentanethylene-4-morphollnesulfemlde 

X.  IJ-cyclopentamethylcne-N'methyl-H'cyclohexylsulfamlde 

All  of  these  confounds,  except  N-cyclopcntamethylenesulf amide,  vere  prepared 
in  this  way.  £>cyclopentemethylenesulfamlde  vas  prepared  by  adding  drpp' 
vise  the  pure  cyclopentamethylenesulfemyl  chloride  to  an  excess  of 
liquid  ammonia  with  vigorous  agitation  over  a  period  of  S  hours.  After 
evaporation  of  the  excess  of  liquid  ammonia  at  roan  temperature,  the  pure 
product  vas  obtained  by  recxystalllsatlon  from  normal  heptane. 

B.  Physical  Properties 

Tri>  and  tetrasubstituted  sulfamides  are  all  vAilte,  crystalline 
materials,  except  N-eyclopentamethylene-N'methyl-N'cyclohexylBulfamlde, 
which  is  a  colorless  oil.  They  are  fairly  soluble  in  the  gamut  of  organic 
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orga^c  Bolvents,  slightly  soluble  in  boiling  water,  and  insoluble  In 
cold  water.  Noznel  heptane  and  ether  were  found  to  be  the  best  solvents 
for  their  recrystalllzatlon. 

C.  Attempted  Preparation  of  Unsynmetrlcallv  Dlsubstltuted  Sulf amides 

The  reaction  of  eryl-acjrsulfaayl  chlorides  with  anmonla  and  amines 
Is  reported  In  the  literature  as  a  general  method  for  the  preparation  of 
organic  sulf amides  (13,14, 15).  According  to  these  authors,  mixtures  In 
the  molar  ratio  1:3  were  refluxed  over  a  period  of  time.  In  benzene  as  a 
solvent,  to  yield  the  corresponding  sulfamldes  as  shown  below: 


COR 

t 

N-SOaCl 


0 


+  3  EfeW-R' 


—  T 

+  R'KHCOR+  [R'NHal'^’Cl” 


As  a  matter  of  fact,  not  a  great  deal  of  experimental  work  has  been 
described  that  would  give  a  satisfactory  explanation  of  the  suggested 
procedure.  In  fact  only  three  reactions,  e.g.  with  ammonia,  dlethylamlne 
and  aniline,  have  been  performed.  Tlie  corresponding  sulf§mldes  were 
obtained. 


Since  no  reactions  with  primary  aliphatic  amines  are  reported,  we 
found  It  Interesting  to  carry  out  some  as  a  possible  approach  to  obtain 
unaymnetrlcally  dlsubstitutad  sulfamldes.  For  this  piuipose  we  prepared 
pbenylacetylsulfamyl  chloride  (l6)  and  then  allowed  the  latter  to  reflux  in 
benzene  over  a  period  of  time  with  butylamlne  In  the  molar  ratio  1:3*  The 
reaction  takes  place  easily  and  after  the  removal  of  the  hydrochloride  the 
eosnouttd,  which  was  recovered  after  recrystallization  from  ether,  melted  at 
123^C.  This  corresponds  to  the  melting  point  of  the  symmetrical  dlsubstltutjyd 
sulf amide,  e.g.  N,N'-dlbutyl6ulf amide,  and  microanalytlcal  data  agree  for 
such  a  cos^und. 


Thus  far,  no  fiurther  reactions  have  been  carried  out,  but  It  seeiiui 
reasonable  to  assume  that  the  behavior  of  primary  aliphatic  amines  may  not 
be  the  same  as  that  followed  by  ammonia,  secondary  amines,  or  aniline  Itself. 

D.  Experimental 


The  trl*  and  tetrasubstltuted  sulfamldes  si^nthesized  were  prepared 
by  allowing  cyclopentamethylenesulfamylchlorlde  (1  mole)  to  react  with  a 
primary  or  secondary  amine  {2  moles)  and  refluxing  In  benzene  as  solvent. 

In  cmy  case  an  excess  of  amine,  to  react  with  the  hydrogen  chloride 
released,  was  usually  used  as  acid  acceptor.  Numerical  and  analytical  data 
for  the  compounds  prepared  are  summarized  in  Table  V. 


rtles  an4  Aialyaesof  Trl-  and  Tetra-substltuted  Sulf  amides 


18* 


1.  GyelopentettnetkyleneBulf emylehlorlde *  -  To  a  aolutlos  of  70  g.  of 

sulfurylcliloride  (o3  ih  I50  ml.  of  toluene,  cooled  in  an  Ice-salt 

■bath,  there  vere  added  dropvlse  ■with  vigorous  agitation  85  g.  of  piperidine 
(1.0  mole)  at  such  a  rate  that  the  tesiperature  of  the  reactioii  niicture  ms 
maintained  helov  O^C.  Then  25  nil*  of  water  was  added,  and  the  nlxtuie  was 
alloved  to  warm  at  room  temperature.  The  toluene  layer  was  sepiteated  from 
the  agueous  layer  and  was  washed  successively  with  water,  with  hydro¬ 
chloric  acid  to  remove  unreacted  piperidine,  with  sodium  hlearhonate  solution, 
and  finally  again  with  water.  The  solution  was  then  dried  over  Na2S04. 

The  excess  of  toluene  was  first  removed  hy  distillation  and  the  residue  was 
fractionated  under  reduced  pressure  yielding  a  colorless  oil,  b.p.  95'’C/l 
mm.  Yield  hO.O  g.  (40.0^). 

Mai.  Calcd.  for  CsRioKSOaCl;  C,  32.71;  H,  ^,U9;  N,  7.65 

Found:  0,  52.96;  H,  5.55;  N,  7.78 

2.  N-eyelopentanethylene-N*-eyclohexylBulf amide.  » 

Cyclopentamethyienesulfamylehlorlde  (9.175  g. ,  O.05  mole),  cyclohexylamine 
(9.9  g. ,  0.1  mole),  and  50  ml.  of  benzene  were  placed  in  a  flask  equipped 
with  a  reflux  condenser.  Gentle  refluxing  was  maintained  for  6  hours. 

The  hydrochloride  was  removed  by  filtration  and  washed  with  ether.  The 
excess  of  solvent  was  then  distilled  off,  leaving  a  white  residue  which  was 
reeyystalllzed  twice  from  n-heptane.  The  pure  compound  was  a  white, 
crystalline  material,  melting  at  75“C.  Yield  8.2  g,  (65.0^). 

Mai  .  Calcd.  for  CnHaaNaOaS:  C,  53.64;  H,  9. 00;  N,  11. 37 

Pomid  :  C,  53.62;  H,  8.99;  N,  11.26 

3.  N-eyclo pontamethylen 0  -N '  -2-naiihthvlBtiIf amide .  -  2-NaphthylBmine 

(14.31  g,,  0.1  mole)  dlsBoived  In  50  ml.  of  benzene  and  cyclopentamethyleae- 
sulfamylchloride  (9*175  g*,  O.O5  mole)  were  placed  In  a  flask  fitted  with 
a  reflux  condenser.  Gentle  refliucing  was  maj.ntained  for  12  hours.  The 
hydrochloride  was  removed  by  filtration  and  washed  with  ether.  The 
organic  layer  distilled  off  leaving  a  brown  residue.  TJjls  was  dissolved  in 
boiling  ether  from  which  on  cooling  a  -vdiite  material  with  melting  point 
115-116"C.  crystallized.  Yield  3.0  g.  (20.0^). 

Mai.  Calcd.  for  CigHieNaOaS:  C,  62.05;  H,  6.25;  N,  9.65 

Poumd  :  C,  6I.8I;  H,  6.32;  N,  9.63 

4.  N-cvclonentamethylenesulfamlde.  -  Liquid  ammonia  (100  ml. ) 

was  placed  in  a  three-necked  flask  fitted  with  a  mechanical  stirrer, 
an  outlet  tube  and  a  small  separatory  finmel*  The  flask  was 
surrounded  with  a  bath  of  methylcellODolve  and  ”  dry-ice*  to  keep  the 
ten^rature  at  -70*C.  Cyclopentamethylenesulfamylchloride  (9.175  g., 

0.05  mole)  was  added  dropwiae  over  a  tTO-hour  period  with  vigorous 
agitation.  The  solution  was  stirred  for  two  additional  hours,  and  then 
the  flask  was  kept  at  room  temperature  to  allow  evaporation  of  the  excess 
of  liquid  ammonia.  The  mixture  treated  with  hot  ether  and  filtered 
in  order  to  remove  the  ammonium  chloride.  Upon  cooling  a  white  material 
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vas  recovered  '«Ailch>  after  recrystalli2atlon  from  etber^  nelted  at 
120*C.  Wid  ft.  5  g«  (55.0!?). 

Anal.  Calcd.  for  C5H12N2O12S:  C,  2^.57j  7.3^j  17«06 

Pound:  C,  36.82;  H,  7*31;  K,  I6.88 

5.  N-eyclo-pentaaethylene-N'-phenylsuJf amide.  -  Cyclopentamethylene- 
sttlfamylchlorlde  (9*175  B  t  O.O3  mole)/ aniline  (9*3  B»f  0.1  mole), 
and  50  ml.  of  bencene  vere  placed  In  a  flask  equipped  with  a  reflux 
condenser.  The  mixture  was  allowed  to  reflux  for  12  hours,  after  \dilch 
time  it  was  filtered  to  remove  the  hydrochloride.  It  was  washed  with 
ether  and  the  organic  layer  distilled  off,  leaving  a  dark  residue.  After 
two  recrystallizations  from  p-heptane,  a  vdilte,  crystalline  con^und  was 
obtained,  giving  a  sharp  melting  point  at 

Anal.  Calcd.  for  CuHiaWaOaS;  C,  5ft.  98;  H,  6. 71;  N,  11.66 

Pound  :  C,  55.18;  H,  6.69;  N,  11.39 


6.  N-cvclopentamethylene-N ' -benzylaulf emlde .  -  To  10.71  g.  (0.1  mole) 

of  benzylemlne  In  30  ml.  of  benzene,  9.175  g.  (0.05  mole)  of  cyclopentamethylene- 
Bulfamylchlorlde  were  added,  and  the  mixture  was  refluxed  gently  for  6  hours. 

The  hydrochloride  was  separated  by  filtration  and  imshed  with  ether.  The 
excess  of  organic  solvent  was  distilled  off  leaving  an  organe  residue  which, 
after  rficr^stalllzation  first  from  n-heptane  and  successively  from  ether, 
gave  a  white,  crystalline  material  with  melting  point  100>101*C, 

Yield  5.5  g.  (fta.O)?). 

toal.  Calcd.  for  CiaHieNaOaS:  C,  56.6?;  H,  7.13;  N,  11.02 

Found  ;  C,  5*5.71;  H,  7.33;  N,  11.00 

7.  H-cyclopentamethylene-N* -p-tolylsulf amide.  -  p-Toluidins  (10.71  g.,  0.1 
mole),  alR solved  in  50  ml.  of  benzene,  and  cyclopentamethylenesulfamyl- 
chlori'lt!  (9.175  g. >  0.05  mole)  were  placed  in  a  flask  fitted  with  a  reflux 
condenjer.  Gentle  heating  was  continued  for  6  hours.  The  hydrochloride 
was  rcD'oved  by  filtration  and  washed  with  ether.  The  organic  layer  was 
distilled  off,  leaving  a  brown  residue  idilch  was  recrystallized  twice  from 
n-heptane.  The  pure  compound  was  a  white,  crystalline  material  'vAich  melted 
at  97-98“C.  Yield  7*0  g.  (55.0,^) 

Anal.  Calcd.  for  CigHieNaOeS:  C,  56.67;  H,  7.13;  N,  11.02 

Found:  C,  56.9I;  7.20;  N,  10.9ft. 

8.  N-cyclope«tamethvlene-H>  -methyl-N*  -cvcloheydsulf  amide.  Cyclopenta- 
methylenesulfamylchloride  T9. 175  £•/  0.05  mole),  methyicyolohexylemlne 
(11.32  g.,  0.1  mole),  and  50  ol*  of  benzene  were  placed  in  a  flask  equipped 
^th  a  reflux  condenser.  Gentle  refluxing  was  maintained  for  12  hours. 

The  hydrochloride  was  removed  by  filtration  and  washed  with  ether.  The  organic 
layer  was  then  distilled  off,  leaving  a  viscous  oil  which  was  partitioned 
between  water  and  ether  and  shaken  in  a  separatory  funnel.  The  ether  layer 
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was  dried  over  calcium  chloride  and  the  ether  distilled  off,  leaving  an 
oily  material.  The  product,  obtained  after  vacuum  distillation,  a 
colorless,  viscous  oil,  b.p.  134‘’C./0.5  nm,  n^  1.4970.  Yield  6  g.  (45.0^). 

Mai.  Calcd.  for  CiaHe^NgQaS:  C,  55*34;  H,  9*29;  N,  10.75. 

Found;  C,  55.11;  H,  9.20;  N,  10.45. 

9.  M-feyclopeHtamethylene-N '  -a*tolylsulf amide .  -  Cyclopentamethylene- 
aulfaaylchiorlde  (9.175  g. ,  O.05  mole),  g-toluldlne  (10. 71  g.,  0.1  mole), 
and  50  ml.  of  benzene  were  mixed  together  in  a  flask  fitted  with  a  reflux 
condenser  and  gentle  refluxing  was  maintained  for  12  hours.  The  hydrochloride 
was  separated  by  filtration  and  washed  with  ether.  The  organic  layer  was 
then  distilled  off  yielding  a  brown  residue  ^Ich  after  two  recrystalUzatlons 
from  carbon  tetrachloride  gave  a  ^Ite,  crystalline  material  melting  at 
123"124'’C.  Yield  9.0  g.  (70.0^). 

Anal.  Calcd.  for  CieHiaNaQsS:  C,  56.67;  H,  7.13;  N,  11.02. 

Found  5  C,  56.83;  H,  7.15;  N,  10.74. 

10.  N-cyolopentamethylene-H-o-tolylsulf amide.  -  Cyclopentamethylene- 
sulfamylehloride  (9.175  g-,  0.05  mole)  and  o-toluldine  (10.71  g. ,  0.1  mole) 
were  mixed  together  without  solvent  in  a  flask  equipped  with  a  reflux 
condenser.  Gentle  heating  was  required  to  start  the  reaction,  but  then  it 
continued  at  room  temperature.  The  mixture  was  left  standing  for  2  hours. 

The  solid  obtained  was  dissolved  in  ether  and  the  hydrochloride  removed 

by  filtration.  The  ether  layer  was  then  distilled  off  leaving  a  brown 
residue  which,  efter  recrystalllzatlon  from  n-heptane,  turned  into  a  white, 
erystalliina  cotipnund  that  melted  at  94 "C.  Yield  8  g.  (62.0^). 

Anal  .  Calcd.  for  CiaHiaWsOgS;  C,  56.67;  H,  7.15;  N,  11.02 

Found  ;  C,  56.87;  H,  7.11;  N,  10.74 

11.  1  f-  e yclopent amethylene ~^i- -momholinesulf amide .  -  Cyclopentamethylene- 
sulfa'aov'  liloride  (9*175  g. ,  O.05  mole),  ■oi^hollne  (8.71  g. ,  0.1  mole),  and 
50  u;,'...  (P'  benzene  were  placed  in  a  flask  fitted  with  a  reflux  condenser. 

The  rea'ition  is  very  exothermic  and  no  heat  was  necessary  at  the  beginning. 

Then  il^entle  heating  was  continued  for  6  hours.  The  hydrochloride  was  removed 
by  filtration  and  washed  with  ether.  The  organic  layer  was  then  distilled 
off:,  leaving  a  brown  residue  'Mich,  after  recrystallization  from  n-heprtane, 
turned  into  a  %dilte  crystalline  compound  with  melting  point  71-72*C. 

Yield  9.5  g.  (81.OJS). 

Anal.  Calcd.  for  CgHieNgOaS:  G,  46.14;  H,  7*74;  N,  11. 96 

Found;  C,  46.27;  H,  7.70;  N,  11.99 

12.  Phenvlacatylsulfamvl  chloride.  -  To  a  suspension  of  25.9^7  g*  (O.I5  mole) 
of  potassium  acetoanilide  in  400  ml.  of  dry  toluene  (previously  prepared 

by  refluxing  for  12  hours  a  solution  of  20.27  g.  (0.15  mole)  of  the  amide  in 
toluene  with  5.86  g.  (O.15  mole)  of  finely  divided  alkali  metal)  20.20  g. 

(0.15  mole)  of  sulfuryl  chloride  in  150  ml.  of  toluene  was  added  dropxd.ee 
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vlth  vlgoroiM  agitation  at  auch  a  rate  that  the  ter^rature  could  he 
nalntalhed  at  by  coolitig  the  reactlbh  flask  vlth  an  lee-salt 

bath.  The  flask  vas  then  ailoved  to  vann  at  room  tecgierature,  and 
stirring  vas  continued  for  2  hours.  She  potassium  chloride  vas  separated 
by  means  of  filtration,  and  the  exeess  of  toluene  vas  distilled  off  under 
reduced  pressure.  A  brovn  solid  m^erlal  was  left  ^Ich,  after  two 
recrystallizations  from  absolute  alcohol,  yielded  a  idilte,  needle-shaped 
compound  tdiioh  melted  at  75"76®C.  Yield  11.0  g.  (33/J). 

Anal.  Calcd.  for  CeHaKOaClS:  C,  41. lU;  H,  3.45;  N,  5*99 

round:  C,  4l.20j  H,  3.62;  K,  6.03. 

13.  Attested  Pre-paratlon  of  N-phenvl-N*  -butvlsulf amide.  Phenylacetylsulfamyl 

chloride  (4.66  g. ,  0.02  mole),  butylemlne  (4.38  g.,  0.06  mole),  and 

50  ml.  of  benzene  were  mixed  together  In  a  flask  fitted,  with  a  reflux 

condenser.  Gentle  heating  was  continued  for  6  hours.  The  hydrochloride 

was  removed  by  filtration  and  washed  \jlth  ether.  The  orgmic  layer 

was  distilled  off  under  vacuum  and  a  brown,  viscous  oily  material  was  left. 

Upon  being  treated  with  water,  a  >Ailte  crystalline  compound  was  separated, 
which,  after  recrystalUzatlon  from  ether,  melted  at  125  “C.  ^Thls  corresponds 
to  the  melting  point  of  N,N*-di-butyleulfeunld6. 

Anal.  Calcd.  for  CeHaoNaOaS:  C,  46.55;  H,  9.68;  N,  13.46 
Found  :  C,  46.38;  H,  9.89;  N,  I3.36 


V.  Theimal  CharacteristicE  of  Trl-  and  Tetra-Substltuted  Sulf amide 

A.  .Li'iiijd  range 

Theoretically,  the  liquid  range  of  a  compound  should  be  given  by  the 
dlfforcnce  between  the  mid-point  of  the  melting  range  and  the  mid-point 
of  the  ■!:iOlling  range  at  one  atmosphere  of  pressure.  Unfortunately,  it  has 
b-ien  •‘.r!r'"''Cfilb.i.e  to  apply  such  a  criterion  exactly  to  the  N-substituted 
'  ■'..fj  V).: ’vlously  deaciibed  because  all  of  these  compounds  decompose 
b'll’w,.''-.  i at  normal  p'.'.essure.  Consequently,  It  has  been  feasible 
on:.y  t'j  eistimate  an  approximate  liquid  range  by  subtracting  the  mid-point 
of  tU'.  rioiting  range  from  the  mid-point  of  the  decomposition  range. 

Melting  (freezing)  points  were  determined  by  the  cooling  curve 
method.  Volatilization  (decomposition)  ranges  were  determined  by  the 
method  of  Siwoloboff  (17).  Experimental  data,  in  terms  of  uncorrected 
t(xr.peratures ,  are  given  in  Table  VI  and  VII. 

B.  Thermal  Stability 

The  thermal  stability  of  a  empound  may  be  defined  as  the  resistance 
of  the  compound  to  decomposition  brought  about  solely  by  thermal  energy. 
Methods  of  evaluating  this  property  are  purely  empirical  and  must  refer 
quite  arbitrarily  to  some  selected  standards  of  stability  end  temperature. 
The  method  used  here  was  designed  for  the  rapid  screening  of  compoimds  (I8). 
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It  Is  based  upon  the  observation  that  the  thermal  degradation  of  most 
compouMs  Involves  the  elimination  of  one  or  more  volatile  fra@aents> 

![he  procedure  amoimts  to  determining  the  veight  loss  of  the  compound  In 
question  after  heating  In  an  Inert  atmosphere  for  a  specified  time  at  a 
specified  teinperature.  For  screening  purposes  in  this  study,  0.2-0. 4  g.  of 
the  sample  vas  heated  under  nitrogen  at  10  mm.  positive  pressure  at  200‘’C. 
(592®P. )  for  a  period  of  10  hours,  and  the  ueiglit  loss  was  determined. 

The  apparatus  used  was  a  relatively  simple  thermal  balance,  constructed 
according  to  the  suggestions  of  Winslow  and  Hatyerlk  (19).  One  pan  of  a 
semi -micro  balance  is  replaced  by  a  platinum  wire,  to  the  other  end  of 
which  a  Pyrex  sample  container  Is  attached.  The  latter  Is  contained  in 
a  glass  cell  to  nitrogen  can  be  admitted  and  which  can  be  heated. 

The  ifelght  loss  is  then  followed  continuously  idthout  Interrupting  the 
heating. 

Experimental  data  are  summarised,  in  order  of  Increasing  theimal 
stability,  in  Tables  VI  and  VII.  All  of  the  compounds  that  showed  a  wejLght 
loss  less  than  after  10  hours  at  392®F.  have  been  classified 
azbltrarily  as  thermally  stable.  Those  showing  a  greeter  weight  loss 
have  been  termed  thermally  unstable. 

C.  Discussion 


In  terns  of  these  criteria,  none  of  the  compounds  listed  in  Table 
I  and  Table  II  is  thermally  stable.  Although  the  veight  loss  in  each 
instance  may  he  due  in  part  to  the  loss  of  sorbed  moisture,  the  total  loss 
in  each  case  is  too  large  for  this  alone,  suggesting  that  actual 
decomposition  has  occurred.  This  is  supported  by  the  observation  that 
when  N,N-diethyl-£',N’-dlbutyl8ulfamide  was  heated  at  250*C.  for  10  hours, 
the  loss  in  weight  Increased  to  3^«1^«  It  is  to  be  noted  that  all  of 
these  compounds  contain  t'w  ethyl  groups  or  a  cyclopentamethylene  radical. 
Of  the  other  groups  present,  the  butyl  and  phenyl  radicals  are  well  known 
for  their  thenaal  stabilities.  Compounds  containing  these  have  somevftiat 
enhanced  etabllltlee,  but  no  profound  differences  are  noted.  It  is 
reasoiiable  to  conclude,  therefore,  that  the  observed  thermal  Instability 
is  due  to  the  ethyl  and  cyclopentamethylene  radicals. 

VI.  Synthesis  and  Properties  of  N.H’-Disubstitubed  Sulf amides. 
A*  Introduction 

The  importance  of  preparing  and  studying  uns^mmetrlcal  sulfamldes  of 
the  type  0 

R-NH-S-KH-R’ 


\diere  R  and  R'  are  different  alkyl  or  aryl  groups,  has  been  emphasized 
previously.  Although  much  work  has  been  reported  on  the  symmetrically 
dlsubstituted  compounds,  RNHSO2WBR,  no  unsymuetrlcal  compounds  have  been 
described. 
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*Ho  freezing  point  vas  observed  at  -75“C. 
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,fhe  Bynmetrieal  coniiounde  are  easily  produced  either  "by  reactions 
'hetveeti  sulfuryl  chloride  and  a^nes  at  low  temperatures  in  the  presence  of 
an  Inert  solvent  (20)  or  hy  deemmonatlon  reactions  of  sulf amide  uLth 
primary  aliphatic  and  aromatic  amines.  The  synthesis  of  the  unsymmetrleal 
substances,  on  the  other  hand,  requires  the  monoalkyl  (aryl)  sulfamyl 
chlorides,  EHHSO12CI,  as  starting  materials. 

Attempts  to  prepare  mono-substituted  sulfamyl  chlorides  have  been 
generally  unproductive.  Secondary  amines,  either  as  such  or  as  hydro¬ 
chlorides,  react  readily  with  sulfuryl  chloride  to  yield  N,N-di8Ubstituted 
sulfamyl  chlorides,  but  primary  amines  do  not  behave  in  this  fashion. 

Thus,  refluxing  ethylaminehydrochloride  with  excess  sulfuryl  chloride  for 
h8  hours,  either  in  the  presence  of  an  Inert  solvent  or  in  its  absence,  yields 
unreacted  ethylaminehydrochloride.  On  the  other  hand,  treating  a  dilute 
solution  of  sulfuryl  chloride  in  an  inert  diluent  wJ-th  a  primary  amine  in 
the  same  diluent  yields  the  symmetrical  compound  RMHSOaRNH  and  amlne- 
bydxochloride  as  principal  products. 

A  survey  of  the  literature  reveals  a  number  of  attempts  to  synthesize 
pure  monoalkyl  (aryl)  sulfamyl  chlorides.  Although  such  compounds  have 
been  postulated  as  intermediates,  none  has  ever  been  Isolated  as  such,  and 
the  methods  yield  RNHSOaNHR-type  compounds.  SiLmllarly,  Traube  (21),  by 
treating  potasslvaa  N-phenyl  sulfamate  irith  phosphorus(V)  chloride, 
appai*ently  obtained  the  sulfamyl  chloride  only  as  an  intermediate  as 


PCla  CeHsN^a 

CeHgNHSOaK:  - >  [ CeHsNHSOfiCl]  - CeHsNHSOaNHCeHs 

not  Isolated 

Recently,  it  has  been  reported  (22)  that  when  a  dlalkylamidosulfinlc 
acid  is  treated  with  a  stream  of  chlorine  over  a  period  of  time,  pure 
N,N-dialltylsulfamyl  chlorides  result  in  satisfactory  yields. 

CCI4 

2  Rvir.OteH  +  Cla  - RaNSOaCl  +  RaNH.HCl  +  SOq. 

T'r's'iuch  as  no  data  were  given  for  monoailkylsmido  conipounds,  it  has 
been  of  ...iorest  to  investigate  this  procedure  as  a  possible  approach  to 
monoalkyl  (aryl)  sulfamyl  chlorides. 

It  is  well  known  (2?)  that  primary  aliphatic  and  aromatic  amines  react 
with  rulfur  dioxide  under  anhydrous  conditions  and  in  an  Inert  solvent  to 
j^leld  adducts,  as 

ether 

RNR2  +  SOs  - RWHg.SOa 

where  R=alkyl  or  aryl  group.  If  chlorine  is  passed  through  such  a  mixture 
a  t  room  temperature  for  a  period  of  time,  an  exothermic  reaction  occurs, 
end  N,N'-dlsub8tituted  sulf amides  result.  Although  the  initial  purpose  of 
isolating  N-substituted  sulfamyl  chlorides,  was  not  realized,  this  reaction 
har.  given  a  new  approach  to  the  preparation  of  the  symmetrical  sulfamides 
and  has  obviated  the  use  of  sulfuryl  chloride. 
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'it  la  reaadnable  to  asawe  that  the  reaction  Involved  takea  place  in 
the  folloving  steps 

ether 

RKEfe  +  SOa  •>  RNIfe.SOa  (l) 

2RHHa.S0a  4-  Cla  *>  [EMHSOaCl]  +  RNHs'^'cr  +  SOa  (2) 
not  isolated 

BNHSOaCl  +  2R»HHa  ■*  HHH-SOa-NHR'  +  R'KHa'^Cl" 

■Mhere  RaR'aCsH?,  C^Hs^  CrHh,  CeHn,  CeHsCHa.  The  following  compounds  have 
been  prepared  hy  this  means: 

I.  N,N'-dl-n-propylsulf  amide 

II.  N, N' -di-n-butylsulf amide 

III.  N^H'-di-t-butylsulf amide 

VT.  Nj  N '  -di  -n«  amylsulf  amide 
V.  NjU'-dicyclohexylsulf  amide 

VI.  N, N ' -dibenzylsulf  amide 

Aliphatic  ear'nea  react  readily,  with  reactivity  increasing  with 
increasing  basic  st^  i  '  .  Aromatic  amines  such  as  aniline  and  p- 
toluldine  are  oxidized  by  chlorine  to  uncharacterized  red  products  but  yield 
no  aulf amides.  However,  benzylamine  reacts  smoothly  to  give,  in  low  yield, 
a  white,  crystalline  product,  agreeing  in  melting  point  (l6l-l82“C.)  with 
that  listed  for  N,N' -dibenzylsulf amide  (24). 

B.  Chemical  and  Physical  Properties 

The  .'lymmetrlcal  dlsubstituted  sulfamldes  are  white,  crystalline 
compound.-),  that  are  solub.le  in  all  the  common  organic  solvents,  quite 
insoluble  In  cold  water,  and  only  slightly  soluble  in  boiling  water.  They 
are  besH;  recrystallized  from  carbon  tetrachloride  or  benzene.  Melting  point 
and  Rn];/';ical  data  are  summarized  in  Table  VIII. 

Rri',  u.se  of  the  presence  of  two  acidic  hydrogen  atoms,  they  dissolve 
readily  •  i  cqueous  alkali,  yielding  the  corresponding  alkali  metal  salts. 

C.  Exp?:  i'-).'.ybal 

Tlae  amine-sulfur  dioxide  adducts  were  obtained  by  treating  0.05-mole 
quaptil.1;..?  of  the  amines  in  ether  solution  with  sulfur  dioxide  at  0®C.  for 
3 -hen:'  p.criods.  The  symmetrical  dlsubstituted  sulfamldes  were  obtained  by 
0.05  Dole  quantities  of  these  adducts  in  ether  solution  with 
chl.o;'.’:a.’e  gas  for  2-hour  periods  at  room  temperature. 

1.  N.  H'  -dl-n-'pro'pylsulf smide .  Two  and  ninety-five  hundredths  grams 

(0.05  mole y  of  n-propylamine  dl s solved  in  100  ml.  of  anhydrous  ether  was 
p-lacod  in  a  3“ne°lted  flask  equipped  with  a  mechanical  stirrer,  a  reflux 
condenser,  and  an  inlet  tube  i;r  sulfur  dioxide  or  chlorine.  The  solution  was 
cooled  to  0®C.  and  stirred  vigorously  \rtille  sulfur  dioxide  was  passed 
through  it  for  a  period  of  1  hour.  A  ■sdiite  precipitate  of  the  amine-sulfur 
dioxide  adduct  separated.  The  contents  of  the  flask  were  allowed  to  mrm 
to  room  temperEfcure,  and  chlorine  ■was  passed  through  the  suspension  for  a  total 
of  2  hr.,  while  an  exothermic  reaction  took  place. 
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The  xeaefelon  mixture  vae  then  filtered  and  the  precipitate  vashed  with 
ether.  The  ether  layer  was  concentrated  under  vacuum  and  then  treated  slowly 
with  water  to  precipitate  the  dioubstltuted  sulf amide.  The  filtered  and  dried 
crude  product  was  purified  hy  recrystallization  from  carbon  tetrachloride. 

It  was  a  ^Mte,  crystalline  compound,  melting  at  ll8-119“C. 

Anal  .  Calcd.  for  CeHieNsOfiS;  C,  59«99i  H,  8.95;  H,  15.55 

Pound  ;  C,  59.92)  H,  8. 65;  N,  15.45. 

2.  N.H'-dl-n-hutylsulf amide.  -  Three  and  sixty-five  hundredths 
grams  (O.05  mole)  of  redistilled  n-butylamine  dissolved  in  100  ml.  of 
anhydrous  ether  tos  placed  in  a  5-neclted  flask  fitted  with  a  mechanical 
stirrei’,  a  reflux  condenser,  and  an  inlet  tube  for  sulfur  dioxide  or 
chlorine.  Sulfur  dioxide  vae  then  passed  througli  the  vigorously  stirred 
solution  at  0*C.  for  1  hr.,  yielding  a  idiite,  ether- insoluble  adduct.  The 
suspension  was  allowed  to  warm  to  room  temperature  and  treated  \ri.th  chlorine 
for  2  hours. 

The  reaction  mixture  was  filtered  and  the  precipitate  extracted  with 
ether.  The  ether  layer  was  concentrated  under  vacuum  and  treated  Adth 
weter  to  precipitate  the  crude  product.  The  dried  drude  material  was 
purified  by  recrystallization  from  carbon  tetrachloride  to  a  white 
crystalline  solid  melting  at  125°C. 

Anal.  Calcd.  for  CaRaoNaOaS:  C,  46.15;  H,  9.68;  N,  15.46. 

Pound:  C,  46.51;  H,  9.78;  N,  15.22. 

5.  Nj  N *  -dl-t-butylsu.T f amide.  Three  and  sixty-five  hundredths  grams 
(0,65  mole)  of  redistilled  t-bubylainlne  dissolved  in  100  ml.  of  anhj^ous 
ether  placed  in  a  flask  equipped  \dth  a  reflux  condenser,  a  mechanical 
stirrei',  and  an  inlet  tube  for  sulfur  dioxide  or  chlorine.  Sulfur  dioxide 
wa"  A  passed  through  the  solution  for  1  hr.  at  0’’C.  with  vigorous 
aglti",' .■•.-■n.  The  resulting  suspension  was  allowed  to  warm  to  room  temperature 
and  t  ':c5d  with  chlorine  for  2  hours. 

'.’psetion  mixture  was  filtered  and  the  precipitate  extracted 
with  ethw:.  The  ether  layer  was  concentrated  under  vacuum  and  treated 
with  w.'..'.!V.  Tiie  precipitated  material  was  recrystalllzed  from  carbon 
tetmc^.l.-.-ride  to  a  white  crystalline  solid  melting  at  142-l45‘’C. 

Anal,,..  diLnd.  for  CeHaoNgOaC:  C,  46.15;  H»  9*68;  N,  I5.46. 

Pound  ;  C,  46.51;  H,  9.78;  N,  15.22 

4.  H.N*-dl-n-amylsnlf amide.  -  Four  and  thirty-five  hundredths  grans 
(0-03  mole)  of  n-amylomine  dissolved  in  100  ml.  of  anhydrous  ether  was 
placed  in  a  5"necked  flask  fitted  -with  a  refl'ox  condenser,  a  mechanical 
s'/Arrer,  and  an  inlet  tube  for  sulfsor  dioxide  or  chloride.  Sulfur  dioxide 
w;-',’.  passed  th.^ough  the  vigorously  stirred  solution  for  1  hr.  at  0“C. 

Chlorine  was  then  passed  through  the  suspension  for  2  hours  at  room  temperature. 
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'  The  reaction  alxtuK  vm  filtered  and  the  solid  extracted  ^dth  ether. 
The  ether  layer  vas  concentrated  under  vacuum  end  treated  vlth-  water.  The 
precipitated  substituted  sulfemlde  vas  dried  and.  recrystalllzed  from  carbon 
tetrachloride  to  a  vhite^  crystalline  solid  melting  at  1S7-126°C. 

Anal  .  Calcd.  for  Cio?e^,N20aS:  C,  50.82j  H,  10.24j  N,  11,85. 

Pound  :  c,  50.92;  H,  10.39;  N,  11.89. 

5*  W.  N  * -dleyclohexylsulf amide.  -  Pour  and  ninety-five  hundredths 
gram  (0.05  mole)  of  cyclohexylamine  dissolved  in  100  ml.  of  anhydrous 
ether  vas  placed  In  a  3~necked  flask  equipped  vlth  a  mechanical  stirrer^ 
a  reflux  condenser,  and  an  Inlet  tube  for  sulfur  dioxide  or  chlorine.  The 
vlgoroualy  stirred  soluticn  vas  treated  vlth  sulfur  dioxide  at  0“C.  for 
1  hr.  The  resulting  suspension  vas  then  chlorinated  at  room  tentperature 
for  8  hours. 

The  reaction  mlxtture  vas  filtered  and  the  precipitate  extracted  vlth 
ether.  Tlie  ether  layer  vas  concentrated  under  vacuum  to  a  volume  of  only 
a  fev  milliliters  and  treated  slovly  vlth  vater  vlth  vigorous  stirring. 

The  crude  substituted  aulTaiiide  vas  recrystallized  from  carbon  tetrachloride 
to  a  >ftilte,  crystalline  substance  melting  at  152-153“C. 

Anal.Caled.  for  Ci2H24N20£S:  C,  55*57;  H,  9.29;  N,  10.76. 

Pound:  C,  55*5^+;  H,  9.06;  N,  10. 6l 


VII.  Reactions  of  Dlalkylsulfamyl  Chlorides 
vlth  Folyarolnoa. 


A.  Introduction 

Aminolysis  of  dlalkylsulfamyl  chlorides  vlth  aliphatic,  aromatic,  and 
heterecycllc  amines  to  produce  organic  sulfamides,  Is  described  in  the 
llte.-c.t’U'e.  Recently  it  has  been  of  interest  to  InweBtigate  In  detail  methods 
of  si;7itheslB  and  both  chemical  and  physical  properties  for  a  number  of 
such  ftov.’Tounds.  No  reactions  invo.lving  the  use  of  polyamlnes  have  been 
thv.o  far  reported,  hovever,  ve  found  it  Interesting  therefore,  to  investigate 
several  either  to  characterize  this  new  class  of  compounds  from  a  chemical 
point,  of  view  or  to  provide  a  possible  approach  to  Increasing  their  thermal 
stability. 

Theoretically,  on  reacting  dlalkylsulfamyl  chlorides  vlth  polyamlnes, 
sulfspylation  might  occur  on  one  or  both  nltrogon  atoms  of  the  polyamlne, 
leading  consequently  to  mono-  or  di-substituted  derivatives.  During  our 
investigation,  It  has  been  possible  to  synthesize  tvelve  new  di -substituted 
ecmpoimds,  but  even  under  proper  conditions,  no  mono-substituted  derivatives 
have  been  isolated.  This  suggests  that  perhaps  aulfamylation  occurs  at  the 
name  rate  on  both  nitrogen  atoms  of  the  polyamlnes  employed. 

These  amlnolytlc  reactions  do  not  proceed  as  easily  as  in  the  case 
In  -vdiich  aliphatic  or  aromatic  amines  are  employed;  the  yields,  averaging 
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ea.  45^  i  are  also  lover.  A  reasonable  explanation  of  these  low  yields 
asy  involve  firstly  the  fact  that  polyamines  are  commonly  not  very  soluble, 
and  sometimes  completely  insoluble,  in  the  organic  solvents;  consequently 
the  reaction  may  not  proceed  in  a  stolchionetrical  fashion.  Secondly, 
the  possibility  that  mono-substituted  derivatives  might  be  formed  as  by¬ 
products  together  with  the  desired  products,  even  if  they  have  not  been 
isolated,  cannot  be  excluded.  Perhaps  because  of  their  extreme  solubility 
their  recovery  has  not  been  th\is  far  possible. 

Pour  dlalkylsulfarayl  chlorides,  e.g.  diethyl-,  dimethyl-,  a-cyclc- 
pentamethylene-,  and  n-morphollnesulfamyl  chloride  have  been  made  to  react 
with  ethylenediamine,  hexnmethylenedlamlne,  n'ld  piperazine,  respectively. 

Thus  far  diethylenetrl amine  has  been  caused  to  react  only  \rLth  n-oyclopenta- 
methylenesulfamyl  chloride. 

Because  of  problems  of  insolubitlity,  a  specific  solvent  is  required 
for  each  reaction.  Thus,  reactions  with  ethylenediamine  vere  carried  out 
in  ether  as  a  solvent;  with  hexamethylenediamlne  chloroform  was  employed;  and 
finally  with  piperazine  alcohol  waa  found  to  be  the  most  suitable.  The 
reactions  are  exothermic  and  very  often  are  ccnplete  at  room  teaperature 
over  a  period  of  time;  in  some  cases  gentle  heating  was  required  for  th&ir 
completion. 

For  synthesis  purposes,  diethyl-  and  n-  cyclopentamethyleneaulfamyl 
chloride  vera  prepared  in  the  seme  manner  as  mentioned  previously  (9,12); 
dlmethylsulfamyl  chloride  was  prepared  by  the  standard  procedure  (25). 
li-morphollncaulfomyl  chloride  has  never  been  prepared  in  this  way.  It  -vas 
knovn  ao  a  product  of  the  reaction  betireen  n-morphollne  chloroamine  and 
sulfur  dioxide  (2fi),  but  ve  preferred  to  synthesize  the  material  by 
aminolysls  of  sulfuryl  chloride.  It  is  a  colorless  oil,  which  bolls  at 
42V..  Dt  0.6  mm. 

Tin  general  reaction  with  ethylenediamine  is  given  as  an  exasple  in 

the 


^  '^N-!0?01  +  2HBN-(CH2)3“NHa 


R  R 

'^HS02NH(Cg2)2NHS02N-^’  + 

^R 

+  lHaN(CH2)2NH3]‘^  2Cr 


r.  =  R'  may  be  CII3",  CaHs”,  CgHio  (from  piperidine), 

C^HaO  (frem  morpholine) 


Piperazine,  hexamethylenediamlne,  and  diethylenetriamine  were  employed 
at.  w??ll. 

The  following  compounds  were  prepared  by  this  type  of  reaction: 

I.  N,N' -bis(diethylsulfamldo)ethylenediamine 

II.  N,  N '  -bio(dlethylBiilfami  do)hflxninothy!l.enediamlne 

III.  N, N '  -bis (dlethylsulfamldo) piperazine 
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IV,  ]J,U'-»blB(n-cyclppentBmethylene6ulfaiaiao)etliylenedlainlne 

V.  NjN*  -bis(s-cyclopent^ethyleneBylfainldo)hexeinethylenedlaniine 

VI.  N,N*  -T3is(n-cyclopentamethylenesulfainido)pi2?erazine 
VII,  -biB(n-inoypholine8ulfainido)ethylenedlainlne 

VIll.  N,N'  -bi8(n-?ipxpteolinesulfaaldo)hexainethyleiiedlainlne 
3X.  N,N»  -bi8(n“inorphollneBulfainldo)piperaziiie 

N '  -blB  ( dlmethylBulf  enldo  )hex8£iethylenedlajalne 
XI.  N,N*  -blBCdlaiethylaulfainldo^plperazlne 

XII.  -tris(n“cyclopentemethylenesulfainido)dlethylenetrlainlne 

B.  Physical  Properties 

The  N-aiibatltuted  sulfaBldea  here  synthesized  are  alD  idiite, 
crystalline  materials.  Their  melting  points  are  not  sharp,  and  all  sinter 
a  few  degrees  before  they  melt.  They  are  Insoluble  in  cold  mter  and 
sometimes  slightly  soluble  in  boiling  vater  but  not  vlthout  deccmposltlon. 

In  regard  to  organic  solvents,  ever:'  compound  behaves  in  a  particular  vay, 
and  to  find  a  general  rule  is  quite  Impossible.  Those  compounds  containing 
the  piperazine  molecule  are  completely  insoluble,  but  fortunately  they 
can  be  recovered  from  the  reaction  mixture  in  high  purity.  The  remaining 
ere  fairly  soluble  in  alcohol,  chloroform,  and  sometimes  also  in  ether 
and  carbon  tetrachloride.  All  are  insoluble  in  n>heptane  and  petroleum 
ether.  Alcohol,  carbon  tetrachloride,  and  ether  \«re  found  to  be  the 
hest  solvents  for  their  recrystallization. 

C.  Thermal  Stability  and  Liquid  Range 

It  has  been  emphasized  previously  that  for  screening  purposes  ue 
may  classify  arhitrarlly  as  thermally  stable  all  those  compounds  \rtiich 
show  a  weight  loss  less  than  3*0,^,  viien  heated  at  a  specified  temperature  for 
a  period  of  10  hours.  According  to  this  en^lrical  criterion,  among  the 
compounds  here  synthesized,  only  three  are  to  be  considered  arbitrarily 
as  thermally  stable  at  SOCC.  1392'’P»).  However,  when  the  temperature  was 
rain'id  to  220®C.  (428®P. ),  appreciable  thermal  decomposition  seemf.  to  occur, 
sre  rr'.th  these  since  loss  of  welgiit  increases  rapidly. 

Of  the  remaining  compounds,  even  at  200®C.,  none  can  be  cl'  'sifled 
as  thermally  stable  Inasmuch  as  thermal  decomposition  at  that  ten^rature  occurs. 

The  liquid  range  and  thermal  stability  values,  in  terms  of  uncorreeted 
teti^ratures  and  of  increasing  weight  loss,  are  listed  in  Table  IX. 

B.  Piaerlmental 

All  the  cempounds  were  prepared  by  mixing  the  two  cojnponents  in  the 
molar  ratio  1:1  in  the  appropriate  solvent  and  leaving  the  mixture  standing 
at  room  temperature  for  a  period  of  time  or  refluxing  gently  when  necessary. 

In  any  case  an  excess  of  polyamlne  was  usually  used  as  acid  acceptor  to 
remove  the  hydrogen  chloride  released.  The  yields  were  calculated  on  the 
basis  of  the  dlalkylsulfamj'l  chloride  employed.  Numerical  and  analytical 
data  for  the  compounds  prepared  are  summarized  in  Table  X. 
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1.  Dlmethv] Bulf ftmvl  chloride.  -  Dimethylamlne  hydrochloride  (81.55  B'j 
1  mole)  and  sulfuryl  chloride  (268  £.,2  moles)  were  mixed  together  in  a 
flask  fitted  with  a  reflux  condenser.  Gentle  refluxing  was  continued 
for  12  houi’s^  after  which  time  the  evolution  of  hydrogen  chloride  ceased. 

The  mixture  was  cooled  to  0®C.  and  treated  carefully  with  a  water  solution 
of  sodium  carbonate  to  decompose  the  unreacted  sulfuryl  chloride.  The 
product  was  then  extracted  with  ether  and  the  ether  solution  washed 
several  times  with  water  and  dried  over  calcium  chloride.  After  the 
removal  of  the  ether,  an  oily  material  was  obtained,  which  was  piu:ified 
by  means  of  fractional  distillation.  The  pure  compound  is  a  colorless 
oil  xdiich  boils  at  42*0.70.6  mm. 

Anal.  Calcd.  for  CcHoClNQaS:  C,  16.74,*  H,  4.21;  N,  9*76. 

Found:  0,  16.76;  H,  4.20;  N,  9*76. 

2.  M-worphollnesulfaeiyl  chloride.  -  To  a  solution  of  70  g.  of  sulfuryl 
chloride  (0.5  mole)  in  150  ml.  of  toluene,  cooled  in  an  ice -salt  bath, 
there  were  added  drop-wise  '.rLth  vigorous  agitation  87.12  g.  of  morpholine 
(1.0  mole)  at  such  a  rate  that  the  temperature  of  the  reaction  mixture 
was  maintained  below  O^C.  Then  water  was  aciled,  and  the  mixture  \7a8 
allowed  to  wam  to  room  tejnparaturs.  The  toluene  layer  was  separated 
fi-om  the  aqueous  layer  and  was  washed  successively  with  water,  with  lOJo 
hydrochloric  acid,  with  sodium  bicarbonate  solution,  and  finally  again  with 
water.  The  solution  was  then  dried  over  calcium  chloride.  The  excess  of 
toluene  was  first  removed  by  distillation,  and  the  residue  was  purified 
under  reduced  pressure,  yielding  a  colorless  oil,  b.p.  76“C./0.5  mm. 

Calcd.  for  C4KBClN0aS:  C,  25.88;  H,  4.^4;  N,  7.54. 

Pound  :  C,  25.99)  H,  4.46;  N,  7.50 

3*  N.W*  -bi8( dlethylsulf amldo)ethylenedlnmlne.  -  Dlethylsulfamyl 
chloride  (17. 1  g. ,  0.1  mole),  dissolved  in  7Crml.  of  ether,  was  placed  in  , 
a  three-necked  flask  equipped  with  a  mechanical  stirrer,  a  reflux 
condenser,  and  a  small  dropping  funnel.  Etliylenedlamlne  (6.0  g.,  0.1  mole) 
was  added  drop-'vrise  at  room  tenqjerature  with  agitation.  After  the  addition 
was  completed,  stirring  was  continued  for  1  hour.  The  mixture  was  then 
treated  with  water  and  the  ether  layer  separated  and  dried  over  calcium 
chloride.  On  distilling  the  excess  of  ether,  a  \diite  compound  was  recovered, 
tdilch  was  found  to  be  Insoluble  in  cold  water  but  very  soluble  in  most 
of  the  organic  solvents.  The  pure  conpound,  after  recrystallization 
from  alcohol,  was  a  white,  crystalline  material,  melting  at  52 °C. 

Yield  8.0  g.  (49;^). 

Anal  .  Calcd.  for  CioH26N404Sg:  C,  36.35;  H,  7.93;  N,  I6.96. 

Pound  ;  C,  36.36i,-  H,  7.76;  N,  16.73. 

4.  N.  N  *  -bis  ( dlethylsulf araldo ) hexamethylenedl amine  ■  -  Dlethylsulfamyl  chloride 
(17.1  g.,  0. 1  moie)  and  hexamothylenedia^nc  (12.0  g.,  0.1  mole)  dissolved 
in  100  ml.  of  benzene  were  placed  in  a  flask  equipped  with  a  refliuc  condenser. 
Gentle  refluxing  was  maintained  foi*  3  hours.  The  hydrochloride  was  removed 
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by  filtration  and  washed  with  benzene.  The  excess  of  solvent  was  then 
distilled  off,  leaving  a  yellow  residue  vrtiich  was  purified  by  several 
recrystalllzations  from  carbon  tetrachloride.  The  puie  compound  was  a 
;diite,  crystalline  material,  melting  at  65  “C.  Yield  6.0  g.  (51J^)* 

Anal  .  Calcd.  for  Ci4H34N,404Sa;  C,  43. 50^  H,  8.86;  N,  14.50 

Found  :  C,  43.24;  H,  8.32;  N,  14.36 

5.  H. N ' -bis ( diethyl.aulf amido ) piperazine.  -  Diethylsulfomyl  chloride 
(17.1  g. «  0.1  mole)  and  piperazine  (19.42  g. ,  0.1  mole)  dissolved  in  100 
ml.  of  alcohol  were  mixed  together  in  a  flask  equipped  with  a  reflux 
condenser.  The  reaction  proceeds  at  room  ten^^ratui'e  "tfliile  a  white 
precipitate  is  formed.  Gentle  heating  was  maintained  for  8  hours  in  order 
to  complete  the  reaction.  The  hydrochloride  was  then  separated  by 
filtration  and  washed  with  alcohol.  Tlie  alcoholic  solution  concentrated 
under  vacuum.  A  yellowish  residue  was  left.  It  was  treated  ■vrith  water 
to  remove  traces  of  hydrochloride  and  filtered.  The  crude  mateilal  after 
reorystalllzation  fr->a  ether  gave  a  white,  crystalline  eomi^ound  \diloh 
melted  at  107-8”C.  Yield  7.0  g.  (3P,i). 

Anal.  Calcd.  for  C,  40.44;  H,  7*92;  N,  I5.72 

Found:  C,  40.63;  H,  7.73;  N,  15.62. 

6.  M .  N '  -bl  B  ( n-cyclonentatiiethylenesulf  aiiiido )  ethylenedlamlne .  N- 

cyclppentaaethylcneauli'amyl  chloride  07175  S* >  0*05  mole)  ms  dissolved 
in  3o  m3.,  of  ether  and  placed  in  a  three -necked  f3.osk  equipped  with  a 
mechanical  stirrer,  a  reflux  condenser,  and  a  small  dropping  funnel. 
Lthylenediamine  (3.O  g.,  O.05  mole)  tos  added  drop-wise  at  room  temperature 
'^Tlth  agitation.  Af+.cr  tho  nU.ltt.ion,  etlrring  was  continued  fot  2  hours. 

Upon  adlincs  water  to  the  clear  solution,  a  white  precipitate  Insoluble  in 
ether  and  water  was  foxmed.  It  was  filtered,  washed  with  water  to  remove 
traces  01’  hydrochloride,  and  dried.  The  oompoiuid  showed  a  great 
insolubility  toweird  cold  water,  carbon  tetrachloride,  ether,  and  benzene. 

It  '/ms  found  to  be  very  soluble  In  chloi’oform  and  alcohol.  After  recrystalli¬ 
zation  from  alcohol  it  melted  at  128-129*0.  Yield  3.0  g.  (34.0 

Anal.  Calcd,  for  Ci2Hj20W4O4Sa :  C,  40.67;  H,  7.39;  N,  15.8I 

Pound;  C,  40.02;  H,  7.34;  W,  I5.5I 

7.  N,N'-bis(n-cyclonentainethvlene3ulfomiflo)-nlT)erazlne.  -  Piperazine 

(9.71  g.,  0.05  mole)  dissolved  in  80  ml.  of  alcohol  and  cyclopenbamethylene- 
sulf.-imyl  chloride  (9*175  G*;  O.05  mole)  wei’e  mixed  together  in  a  flask 
fitted  \ri.th  a  reflux  condenser.  Tlie  reaction  started  at  room  temperature 
while  a  precipitate  was  foimed.  Gentle  refluxing  then  held  for  2  hours. 
O.’he  precipitate  was  filtered  and  washed  with  alcohol,  and  the  alcoholic 
solution  concentrated  under  vacuum,  leaving  no  residue.  The  mixture  of 
eo?T^oiaid  and  hydrochloride  me  then  washed  with  cold  water  until  the  water 
solution  did  not  give  a  positive  test  with  silver  nitrate,  "^he  dried 
product  was  found  to  be  lnsolub.le  in  cold  water  and  in  all  the  organic 
solvents  but  fortunately  could  be  recovered  from  the  mixture  in  high  purity. 
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It  is  a  ^Ite,  crystalline  material,  ^^ich  melts  at  24l-242*C.  Yield 
5.0  g.  (48,'^) 


Mai.  Calcd.  for  Ci4HaaW404Sa :  C,  44.19;  H,  7-42;  W,  14.75 

Pound  ;  C,  44.36;  H,  7.26;  N,  14.92. 

8.  N. N ' -bis ( n-cvclopentaaiethvleneaulf amldo )hexBmethylenedlamlne.  -  Hexa* 
methylenediamine  (^.0  g. ,  0.05  mol^  dissolved  in  80  ml.  of  benzene  and 
cyclopentamenthyleneaulfamyl  chloride  (9*175  B.»  0*05  mole)  vere  mixed 
together  in  a  flask  equipped  ^dth  a  reflux  condenser.  Gentle  refluxing 
was  maintained  for  4  hours.  The  hydrochloride  was  removed  by  filtration 
and  washed  with  benzene  and  the  benzene  layer  concentrated  under  reduced 
pressure.  A  yellow  residue  was  left,  vfhlcli  was  washed  with  water  to  remove 
traces  of  hydrochloride  and  filtered.  Tlie  crude  dried  product,  after 
several  recrystallizations  from  carbon  tetrachloride,  yielded  a  white 
powder  which  melts  at  105-106‘’C, ,  sintering  a  few  degrees  before  melting. 
Yield  5*0  g.,  (49^). 

Anal  .Calcd.  for  C,  46.8lj  H,  8.35;  N,  I3.65 

Found  ;  C,  46.70;  li,  8.25;  N,  13.48 


9.  H.N'TI*-tris(n-cyGlopentaniethvlenesu^amlc)o)dlethylenetri amine.  - 
r>iethylonfttriamino  (5,]' 26  g. ,  O.05  mole)  d?.s60lved  in  50  ml.  of  alcohol  and 
n-cyclop.'}ntamet’''yler!  .'nulfsjnyl  chloride  (13.762  g. ,  0.075  mole)  in  25  ml. 

of  alcohol  were  mixed  i.ogetl'ier  in  a  flask  fitted  with  a  reflux  condenser. 

IT'-io  reaciilon  started  at  rocn  temperature  and  was  exot’nermic.  The  mixture 

left  standing  for  1  how.  Tlien  gentle  refluxing  was  maintained  for  5  hours. 
T}\3  hydrochloride  was  sepercited  by  filtration  and  washed  with  alcohol,  and 
the  alcoholic  layer  wes  ooncentnated  under  vacuum,  leaving  a  viscous 
oil.  Upon  adding  water,  the  oily  material  was  transformed  into  a  sticky 
solid,  which  a;Cter  recrystallizatlon  from  alcohol  gave  in  poor  yield  a 
white  powder  V.iich  molts  at  129-130*C. 

A.al.  Calcd.  for  CiaH^oNeOaSg:  C,  41.89;  H,  7.40;  N,  15.45 

Found:  C,  41.70;  H,  7.51;  N,  15. 73* 

10.  Nj N ' -bis (n-morpholineaulf amldo ) ethylenediamlne .  -  N-morpholine- 
sulfcimyi  chloride  (9.' 28  g. ,  0.05  mole)  was  dissolved  in  Bo  ml.  of  ether  and 
plfie '^d  in  a  three-necked  flask  equipped  with  a  mechanical  stirrer,  a 
r:‘.C3.u;<  condenser,  and  a  small  dropi)irig  funnel.  Ithylenedismlne  (3.0  g. , 

0,03  mole)  was  added  drop-vise  at  room  temperature  with  agitation.  After 
the  addition,  stirring  was  prolonged  for  two  hours.  Upon  adding  water  to 
the  ether  solution,  a  Tdiite  precipitate  insoluble  in  water  and  ether  was 
formed.  It  was  filtered,  washed  ^rith  water  to  remove  traces  of  hydrochloride, 
and  dried.  The  pure  compound,  after  recryst alii sat ion  from  alcohol,  was  a 
cirystalline  material  \dalch  melts  at  130-131'’C.  Yield  3.O  g.  {35/^)» 

Calcd.  for  CioHaaN40eSa:  C,  33. 51;  H,  6. 18;  N,  15.63. 

Found;  C,  33.65;  H,  6.O6;  N,  I5.63. 
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'  •T^tB(n-MorphollnRsulf aaldo )hexeanethylenedlamlne.  -  Hexamethylene- 
fiisiiiiii©  ( o«  0  g*  ^  znol^  di3t>o3Y6d  In  6q  ml*  of  bGxxzono  Bnd  n- 
ffiorpholinesiOfemyl  chloride  (9.28  g.,  O.05  mole)  were  mixed  together  In  a 
flask  fitted  with  a  reflux  condenser.  Gentle  refluxing  was  maintained  for 
two  hours  to  coji^)lete  the  reaction.  The  precipitate  ■vdilch  was  foxmed  was 
separated  by  filtration  and  washed  with  cold  benzene.  On  concentrating  the 
benzene  layer,  no  residue  was  left.  The  solid  material,  insoluble  In  benzene, 
was  then  washed  several  ttes  with  water  to  remove  the  hydrochloride.  The 
crude  product,  after  recrystallization  from  alcohol,  gave  a  vdiite  powder 
>4iioh  melted  at  119-120“C.  Yield  5.0  g.  (49:1). 

i^al.  Calcd.  for  C14H30N4O6S2:  C,  40.56;  H,  7.29;  N,  I3.52 

Found  :  C,  40.40;  H,  7.31.'  N,  ' 15.46 

N,  rt '  -biB.(  n-morphoJ-inesul-f p-mldo  )plpera?.lne .  -  Piperazine  (9.'i  g., 

0.05  mole)  dissolved  in  &0  ml.  of  alcohol  and  n--morpholine  sulfamyl  chloride 
(9.28  g. ,  0.05  mole)  wore  mixed  together  in  a  flask  equipped  vrLth  a  reflux 
condenser.  The  reaction  took  place  at  room  tempera cure,  and  a  white 
precipitate  was  ferme-;-.  Tno  mixture  v&b  then  lefb  standing  for  2  hours. 

The  compound,  which  \iari  Cound  to  be  insoluble  in  alcohol,  whs  separated  by 
filtration,  and  the  rt;3idue  was  washed  several  times  •'jlth  water  to  reno'/e 
the  hydrochloride.  The  pure  dried  product  \nxB  a  white  crystalline  material 
which  melted  at  255-256“C.  Yield  5.4  g. 

Ar;ul_.  Calcd.  for  CisHj-iN^OoSg:  C,  37.49;  H,  !5.29;  N,  14.58. 

Founds  C,  37.70;  H,  6.28;  N,  14.76 

-•V'  N, N* -bis( dbi- ethyl sulfn-»t.do)hexoinethylenRdiamine.  -  Hoxomethylene- 
(V' .■>  rj.ne  (12.0  fi. ,  0.1  uis solved  "in  100  of  benzene  and  dlmethyl- 

S'l'.'i x'miyl  chloride  (14.3,;  g. ,  0.1  mole)  wore  mixed  together  in  a  flask 
fitted  with  a  reflux  ceiidensEr.  The  reaction,  which  is  exothermic,  started 
al:  room  temperature,  end  ttie  mixture  was  left  standing  for  1  hour.  Tlicn 
gsn’-,ls  hea'ting  was  continued  for  2  hours  in  order  to  corat)lete  the  reaction.  ■ 
'fiu’  hydrochloride  was  removed  by  filtration  and  washed  with  benzene.  The 
'-yv'Xiue  In.yer  was  concentrated  under  reduced  pressure  leaving  a  dark  residue. 
'J'hs  crude  material  van  vTaohed  with  water,  filtered,  and  dried.  After 
rccvystallizetlon  from  alcoliol,  the  pure  product  was  a  white  crystalline 
material  \diich  melted  at  120-121'’C.  Yield  10.0  g.  (60?5). 

/nnl_.  Calcd.  for  CioH£cN404f32:  C,  36.34;  H,  7.93;  N,  I6.95. 

Found;  C,  36.28;  II,  7.94;  N,  17.04. 

.■’.4.  N . N ' -bis ( dlffiethvlBulf omldn ) plTisrazlno .  -  Piperazine  (19.4  g.,  0.1  mole) 
dlsaolved  in  100  ml.  of  alcohol  and  dimethylsuifomyl  chloride  (14.35  g.,  0.1 
mo.le)  were  mixed  together  in  a  flask  fitted  with  a  reflux  condenser.  The 
;;eactlon  is  exothemio  and  proceeds  at  room  temperature.  The  mixture  was  then 
standing  for  2  hours,  after  vMch  time  the  precipitate  was  filtered  and 
w.cJied  with  alcohol.  The  compound,  which  is  insoluble  in  alcohol,  was 
sessrated  from  the  hydrochloride  by  means  of  several  treatments  with  cold 
waoer  and  dried.  It  was  a  white,  crystalline  material,  which  melted  at  217- 
210  “C.  Yield  7.5  g.  (50^:). 


Anal.  Calcd.  for  CaHaoN404Se;  C,  32.00;  II,  6.71;  N,  I8.66 

Found;  C,  31»r9»  H,  6.64;  N,  18. 55, 
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E.  Dlacussion 


Dialkylsulfamyl  chlorides,  irtien  reacted  ^rith  polyomincD,  did  not  yield 
products  the  thermal  atahlUtlea  of  ^Ich  vrere  as  promising  as  we  hopedVto 
achieve.  Of  the  polyamines  that  hctve  teen  used  for  synthesis  purposes, 
piperazine  produces  sulfamlde  derivatives  more  stable  theimally  than  those 
obtained  \^en  ethylenediamlne ,  hexarnethylenediamine,  or  diethylenetriamlne 
are  employed. 

Although  a  great  deal  of  effort  has  been  expended  thus  far  in  order 
to  increase  the  thermal  stability  of  the  sulfamlde  molecule,  no  promising 
results  have  been  obtained.  Perhaps  the  sulfur-nitrogen  bond  in  the 
molecule  of  sulfamlde  is  too  weak  to  prevent  the  evolution  of  sulftor 
dioxide  \Aien  sulfamlde  itself  or  its  derivatives  are  lieated  above  200®C. 

All  experimental  evidence  points  to  this  conclusion. 

VIII.  Synth.esls  of  Bocllum  Polysulfldes  and  Their  Reactions 
with  Reactive  Ilalonen  Compounds 


A.  Introduction 

In  the  past,  the  (uil’-ydrous  aUcali  metal  polysulfldes  have  been 
prepared  by  direct  combination  of  the  elements,  either  wl.th  or  i-dthout  a 
solvent,  cr  by  reaction  of  sodium  hydrosulfide  vJith  sulfur  in  ethanol 
fiolutlon  (20).  Ib  hen  novr  been  found  that  solutions  of  sodium  hydrosulfide 
anhydrous  liquid  a.Mmiiia  \dll  react  with  sulfur,  thus  providing 
(  '.-ither  path  to  the  oyabhctiis  of  anhydrous  sodium  polysulfldes  (27)» 

reaction  thus  yields  t?is  di-,  tetra-,  penta-,  emd  the  questionable  trl- 
f'  ’.  flde  of  sodium. 

Keaction  of  solution  of  sodium  hydroaulflde  and  sulfur  in  liquid 
r^rrocnia  with  reactivj  jiulogon  compounds  was  further  investigated  as  an 
extension  of  work  alread’’'  In  progress. 

F»xpr.rlmftnto.1. 

Synthesis  of  3odium  Polysulfldes.  -  The  general  procedure  consisted  of 
o:i".dnnsin;j  anhydrous  ammonia  onto  a  mixture  of  sodium  hydtrosulfide  and 
suli'vur.  Tl:e  distillation  of  the  ammonia  was  done  in  a  vacuum  line.  Tire 
a.'ilrycirouo  sodium  hydrosulfide  \mB  synthesized  by  the  reaction  of  sodium 
ethoxide  with  hydrogen  sulfide  in  ethanol  solution. 

In  a  typical  reaction  for  the  preparation  of  sodium  disulfide, 

5*. 70  0.  (0.0625  mole)  of  sodium  hydi’osulflde  'iras  mixed  ;ri.th  1.00  g. 

(0.0513  !^ole)  of  sulfur  In  an  oven-dried  reaction  flack.  The  flask  was 
tlien  evacuated  to  a  pressure  of  about  5.'S  flushed  with  dry  nitrogen,  and  then 
evacuated  again.  This  flask  was  cooled  to  -'.0“C.  by  a  bath  of  Dry-Ice 
and  methyl  cellosolve.  One  hiuidred  milliliters  of  ammonia  ma  distilled 
tlien  from  sodium  into  the  flask  containing  the  mixture  of  hydrooulfide  and 
far.  VP.ien  the  miJdiure  of  sodium  hydroaulflde,  sulfur,  and  ammonia  was 
stirred  (magnetically),  dls  solution  occurred  with  the  formation  of  a  deep 
r':d  color.  Ui)on  evaporation  of  the  ammonia  and  heating  the  residue  at 
150*0  and  5/^prccourc  for  5  hours,  pure  sodium  disulfide  was  obtained. 
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reaction  conforms  to  the  following  stolchlonetry: 

2  Ma  HS  +  (x-1)  S  -»•  H  aS  +  HsS 

&  X 

with  the  hydrogen  sulfide  actually  being  volatilized  as  ammonium  hydrosulfide. 

In  a  similar  fashion  one  may  obtain  NaaS^,  Na^Ssi  and  a  substance 
•which  fives  an  analysis  consistent  with  the  composition  Na^jSs*  Comparison 
of  the  x-ray  diffraction  patterns  of  NosSa  and  Na^S^  with  that  of  NaaSg 
indicates  that  tho  NsaSs  is  a  one  to  one  mixture  of  NaaSg  and  WagS^  (26). 

2.  Reaction  of  Polysulfide  Solutions  with  Halogen  Compounds  .  -  Methylene 
chloride  •will  react  •with  the  red  solutions  of  NaUS  and  sulfur  in  liquid  ammonia 
to  yield  •vAiite  to  light  y^llo^v;  powders  -which  are  insoluble  in  all  common 
solvents.  The  composition  of  these  materials  is  variable  and  has  been 
observed  to  range  from  C^IaSj..s  to  CllaSa.s.  When  warmed  slightly,  these 
white  pen^ders  foiTij  -rubb  ; •••^»  green  masses  having  a  foul  odorn  Sharp  x-ray 
diffraction  pai-ter-r.;-!  i-niUiate  that  these  substances  are  raystalline  in  nature. 

Piscussion 

The  reaction  of  ood.Umi  hydrosulflde  -with  sulfur  in  liquid  ammonia  provides 
a  new  convenient  means  for  the  preparation  of  anhydrous  sodium  polysulfides. 

The  reactions  of  t'le  hyd'-vsulfide-sulfur  solutions  in  ammonia  vith  methylene 
chloride  and  3imiil';.v  oou.'cands  opens  up  an  interesting  area  for  investigation 
thf!  fjell  of  c:;:.ar'i.c  ar.d  Ino-rganic  polysulfides. 


IX.  Attejrni'fii  n.vdroxyallcylatlon  of  N-Sub3tlt-;te.d  Sulf amides . 

Sulfamlde  or  its  H-disubstituted  derivatives  are  examples  of  typical 
classes  of  compounds  susceptible  to  further  nlltylation  on  one  or  both 
nitrogen  atoms.  Eisplaceinent  of  the  tw  remaining  hydrogen  atoms  in  the 
d'iBubst’ltutrd  derivatlvc-a  of  sulforaide  by  means  of  hydr'oxyethyl  groups 
•i;,c  been  under  l-aves-tigation  as  a  i)robable  approach  'to  the  synthesis  of 
-dihydroxycihylsulfcmido  derivatives.  Aiiong  the  several 
aoproae)ies  that  theoretically  might  lead  to  the  synthesis  of  the  desired 
products,  the  follo'^ring  may  be  mentioned. 

(a)  Reactidn  cf  the  sodium  salt  of  N-disubstltuted  sulfamides  ^ri.th 
ethylene  chlorldrine  according  to  the  following  equation: 

Na  Na  R  R 

R-N-aOs-N-B  +  2  Cl-Cffe-CIInOH  -*■  N-SOa-N^  +  2NaCl 

110(0112)^  (CH2)aOII 

(b)  Reaction  of  N-dlsubstituted  sulfamides  with  ethylene  oxide 
PS  indicated  by  the  equation: 

R 

R-NH-SOa-NH-R  +  2  CHa  -  Clfe  •>  ,  N-S0a-N(^ 

'^0'^  H0(CHa)a  (CH2)aOH 
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It  has  been  our  interest,  however,  to  achieve  the  seime  results  by 
using  ethylene  carbonate  as  principal  reactant  because  of  Its  known  power 
as  an  alkylating  agent  in  many  brganiC  reactions  and  to  study  the  nature 
of  these  interesting  direct  nuOleophllic  substitutions.  Furthermore, 
ethylene  carbonate  is  a  solid,  and  the  reaction  does  not  req.ulre  an  auto¬ 
clave  as  in  the  case  ^dth  ethylene  oxide. 

The  reaction  should  proceed  according  to  the  follovdng  atolchlometry; 

R-NH-SOa-NH-R  +  2  1  ,[ - ^  2CO2  +  ^  N-SOa-N,^ 

6^  0  HOCHaOa  (CH2)aOH 

■  CO 


For  this  purpose  the  diallcylaulfamlde  and  ethylene  carbonate  in  a  molar 
ratio  1:2  have  been  mixed  together  in  the  absence  of  solvent  and  heated 
for  10  hours  at  150“C.  /t  that  temperature  the  reaction  starts  with  evolution 
of  carbon  dioxide.  Unfortimately,  no  definite  product  has  been  obtained  as 
yet. 


Die  very  viscous  material  which  was  left  did  not  solidify  on  standing, 
nor  could  it  be  recrystallized  when  dissolved  in  organic  solvents.  An 
aWampt  at  purification  by  means  of  distillation  under  reduced  pressure 
in  a  violent  decomposition.  Although  several  experiments  have 
' . n  carried  out  arid  the  results  achieved  not  as  promising  as  was  expected. 
It icnal  work  will  he  carried  out  in  the  near  future  to  elucidate  this 
reaction  more  nearly  completely. 

X.  Attempted  Polycondensation  Reactions  of  Sulfuryl 
Chloride  and  Polyoriii.nes 


A.  Introduction 


Qenerally  polycondcnsatlon,  e.g. ,  polyamldation  and  polyesterification, 
has  been  carried  out  in  the  past  by  means  of  melt  pelymerizatlon.  The 
procedure  works  properly  but  has  some  limitations.  Temperatures,  for 
example,  average  around  or  above  200*C.  in  order  to  permit  renoval  of  the 
low-molecular-w4ight  products,  and  very  often  a  difficult  laboratory 
procedure  is  required. 

It  has  been  found  more  recently  that  the  Schotten-Baumann  reaction 
of  an  acid  chloride  with  a  compound  containing  an  active  hydrogen  atom  can 
be  made  the  basis  of  a  simple  laboratory  process,  called  interfacial 
polycondensatiori.  Polycondensatlons  carried  out  in  tills  way  are  more  rapid 
and  can  be  effected  in  common  equipment  under  ordinary  ei^jerlmental  conditions. 

In  spite  of  the  fact  that  the  Schotten-Baianann  reaction,  which  is  run 
in  an  aqueous  system,  might  lead  to  the  partial  hydrolysis  of  the  acid 
chloride  groups  and  inhibit  the  chain  growth  of  the  deftirod  polymers,  many 
polyurethanes,  polyamides,  polyureas,  and  even  polysu!) f onamides  have  been 
prepared  by  this  method  (2Q)  in  excellent  yields  and  high  molecular  weights. 
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Among  the  various  oi'ganic  and  Inorganic  diacld  chlorides  used  for 
the  preparation  of  polysulfonalnideB^  no  mention  was  made  to  sulfuryl 
chloride  as  a  starting  material.  We  foUnd  it  interesting,  therefore,  to 
attempt  some  polycondensation  reactions  hy  means  the  two-liquld-phase 
process  in  as  much  as  the  amine-acid  ehloride  procedure  in  an  organic 
solvent  containing  an  acid  acceptor  is  very  difficult  to  control  and 
yields  hydrochloride  as  ty  product. 

Theoretically,  the  reaction  of  sulfuryl  chloride  vlth  a  primary  dlfionine 
should  proceed  according  to  the  following  stoichiometry: 

interface 

X  HaN-R-NHa +y  Cl-SOa-Cl  ^  -[Nli-R-NHSOa]^^  -  +  2yHCl 

An  eq,ulmolar  quantity  of  sodium  hydroxide  or  sodium  carbonate  is  used 
in  the  aqueous  phase  as  aceeptof  of  the  hydrogen  chloride  produced.  Besides 
purity,  concentration  of  the  reactants  and  correct  pH  control  of  the  system 
eice  strongly  recommended  for  the  completion  of  the  reaction. 

Unl'ortunately,  the  yeveral  experiments  thuf;  far  performed  in  ■vdiioh 
ethyleuedlomine,  1,6-hexancdlamine,  and  piperazine  trere  used  have  given 
no  positive  results.  When  redistilled  sulfuryl  chloride  dissolved  in 
methylene  chloride  was  slowly  added  to  a  well-stirred  aqueous  solution  of 
bhe  pnlvamlne  containing  sodium  hydroxide  or  sodium  carbonate, no  poly- 
'•ondei'.j'ition  took  place,  but  slow  hydrolysis  of  the  dlacid  chloride  occurred. 

■ '  solid  was  left  on  evaporating  the  organic  layer,  which  excludes  the 
■vtsl’iility  of  formation  of  a  soluble  polymer.  Chloroform  and  carbon 
-.tracliloride  have  been  used  instead  of  methylene  chloride  and  the  molar 
•  .'.-ncentratlon  of  the  reactants  varied,  b\it  in  no  instance  could  imi^rovements 
be  achieved.  At  the  present,  we  must  conclude  that  sulfuryl  chloride  seems 
not  to  be  a  suitable  substance  for  the  interfaclal  polycondensation 
procedure.  The  favt  that  under  the  sane  conditions  other  diuulfonyl 
chlorides  were  fomid  successful  for  the  prcpai'ublon  of  high  molecular 
weight  products  lies  perhaps  in  their  leaser  sensitivity  in  respect  to 
]iyarolysl8.  As  a  matter  of  fact  the  best  polymers  were  obtained  \ihen 
aromatic  disulfonyl  chlorides  were  allowed  to  react  with  aliphatic 
polyamines  (25).  Sulfuryl  chloride  is  too  soluble  in  water  to  limit  its 
tendency  to  hydrolyslE  even  at  low  temperatures. 

Although  the  results  at  the  present  time  are  not  at  all  promlsings 
other  experiments  will  be  carried  out  in  the  future  with  special  attcntj.on 
to  the  pH  of  the  system  in  order  to  study  fvurther  this  kind  of  polycondensation. 

XI.  Deammonatlon  Products  between  Sulfamide  and  Polyamlnes 
A*  Introduction 

Since  no  inorganic -organic  polymers  could  be  obtained  by  means  of 
the  interfacial  polycondensation  procedure,  another  approach  to  the 
synthesis  of  the  desired  materials  has  been  attempted.  Sulfamide,  with 
two  amino  groups  in  its  structure  and  because  of  the  inci'eased  acidity  of 
Its  two  nitrogen  atomn  due  to  the  presence  of  the  sulfone  group,  appears  to 
be  an  ideal  material  for  deammonatlon  reactions  with  polyamlnes.  As  a  result 
of  application  of  such  a  process,  polymeric  materials  similar  to  those 
which  could  not  be  prepared  by  the  Bchotten-Baumann  method  might  be  obtained. 
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She  eapabiUty  of  sulf amide  to  react  with  amines  containing  at  least 
pna  replaceable  hydrogen  atom  to  give,  with  evolution  of  ammonia,  N- 
Bubstltuted  derivatives  is  well  Isnown#  Very  few  compounds  of  this  type 
are  reported  in  the  literature,  however,  due  perhaps  to  the  difficulty  in 
obtaining  the  starting  material.  Condensation  reactions  of  sulfamide 
with  formaldehyde  are  also  reported  to  give  a  variety  of  products,  the  course 
of  the  reaction  being  related  to  the  pH  of  the  solution.  In  mildly  acidic 
(pH=4)  or  basic  (pH=8)  solutions,  resins  of  g.ulte  low  melting  points  were 
obtained  (JO),  Later  worh  (Jl)  reported  that  under  neutral  conditions 
sulfamide  and  formaldehyde  yield  a  cyclic  compound,  pentamethylenetetramino- 
sulfone,  m.p. =224-225 “C.  Finally,  when  this  condensation  was  effected 
in  strongly  acidic  solutions  (32),  tetramethylenedlsulfotetramlne,  m.p.“225- 
260^0 .  (decompn.  ],  was  obipained. 

Anong  primary  diamines,  sulfamide  is  reported  to  react  with  ethylene- 
diamine  and  fo£maldehyde(3)  to  yield  homopentamethyleneteti’saninosulfone, 
but  no  reactions  of  sulfamide  and  polyamines  alone  have  been  described. 

It  has  been  our  object  during  this  period  to  repeat  some  experiments  and 
to  carry  out  new  reactions  in  order  to  elucidate  the  behaviour  of  these 
condensation  reactions  of  sulfamide. 

For  this  purpose,  sulfamide  was  prepared  by  ammonolysls  of  sulfuryl 
chloride  in  liquid  ammonia  according  to  the  procedure  of  Qoehrlng  and 
eoworkers(33)*  Surprisingly,  when  sulfamide  and  formaldehyde  were  allowed 
to  rea'it  in  the  presence  of  ammonium  hydroxide,  e.g, ,  under  alkaline 
condltj.ons,  the  compound  waa  not  pentamethylenetetraminosulfone  ae  claimed 
by  Paquin,  but  rather  the  tetramethylenedisulfotetramine,  which  Hecht 
and  Henecka  reported  to  have  obtained  in  strongly  acidic  conditions  (32)» 

On  the  other  hand,  sulfamide  and  ethylenediamlne  in  the  presence  of 
formaldehyde  undergo  condensation  to  irield  homopentamethylenetetramino- 
Gulfone  as  reported  earlier  by  Paquln  (31)*  On  the  basis  of  this  result, 
l-6-hexanedl8inine,  piperaaine,  and  £-phenyleneditolne  were  tested  also  with 
the  object  in  view  that  new  cyclic  or  linear  condensation  products  night 
be  formed.  These  latter  diamines,  however,  behaVe  in  a  different  manner 
inasmuch  as  no  cyollzatlon  or  linear  condensation  takes  place,  and  the 
polyamine  methylol  derivative  is  the  final  product.  If  sulfamide  is  allowed 
to  react  with  diamines  in  the  absence  of  the  solvent,  then  deammonatlon 
readily  ooourc  with  the  nrcluction  of  N-substituted  sulfsmides. 

Ka^riments  wore  run  with  sulfamide  in  the  molar  ratios  i:i  aim 
2:1  with  respect  to  1,6-hexEuiediemine,  ethylenediamlne,  and  piperazine. 

The  general  reaction  proceeds  as  follows: 

^O-IOO'C 

HaN-R-una  +  2H2N-S0a-NHE - >  HelJ-SOa-NH-R-NH-SOaNIfe  +  2MH3 

Piperazine  and  ethylenediamlne  w*sn  iierinitted  to  react  at  90-100“C. 
in  admixture  with  sulfamide,  either  in  the  molar  r'atlo  1:1  or  1:2, 
led  in  any  case  to  compounds  according  to  the  equation  written  above. 

No  further  deammonatlon  could  be  obtained  with  the  addition  of  sodium 
hydroxide  as  catalyst.  The  addition  of  sodium  hydroxide,  however,  must 
be  very  small  since  imidodisulf amide  might  be  produced  (34). 
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Hexamethylenedlamlne  'behaves  in  a  different  jaanner  toward  sulf amide. 
The  reaction  is  I'elated  to  the  concentration  of  the  reactants,  the 
temperature,  and  the  time.  In  the  molar  ratio  1:2,  1,6-hexanddiamine  and 
Bulfamlde  undergo  deammonation  at  SO-IOO^C.  to  j’ield  the  corresponding 
N,|I' -dlsubstltuted  sulf amide  derivative.  However,  in  the  molar  ratio  1:1 
at  120*0  for  6  hours,  further  deammonation  takes  place  with  the  production 
of  a  probably  linear  polr/mer  as  shown  in  the  following  eq,uation: 

120"C. 

HaN-CCHsJe-NHa  +  IfeN-SOa-NHs  t-NH-(CJfe)6-llHS0a}jj  +  NH3 

The  ccn^ound  is  a  white  powder,  melting  at  236-238°C.  with  docompn.  It  la 
Insoluble  in  the  gamut  of  organic  solvents  and  in  boiling  water,  but  is 
fairly  soluble  in  boiling  DMF  and  D^^50.  The  not  very  sharp  x-ray  patterns 
and  the  high  Insolubility  lead  us  to  believe  that  the  compound  is  polymeric 
In  natvnre  and  coxresponds  to  the  structure  shown  above.  Besides  the  strong 
absorption  in  the  ,^280  cm.  region  of  its  infra-red  spectrum,  \Aiich  is 
characteristic  of  the  -NH-ctretchlng  vibration,  excludes  any  possibility  of 
cross-linking. 

B.  Physical  Pronerbles 

The  N-substituted  sulfamldea  here  synthesized  are  all  ^ite 
crystFJJLlne  materials,  insoluble  in  most  of  the  organic  solvents,  but 
slighv.ly  soluble  in  hot  ethanol  and  boiling  water.  Conse(iuently,  these 
■i\K)  solvents  were  found  the  best  for  purification. 

E^'nerlmant.al 


1.  Sulf amide.  -  A  2-llter,  3-nedied  flask,  equipped  with  a  mechanical 
stirrer,  a  di-opping  funnel,  and  a  vent,  was  cooled  at-70“C.  by  means  of  a 
Dry  Ice-metbylcelloBolve  bath.  Seme  JOO  ml.  of  liquid  ammonia  was  then 
condensed  into  the  flask  at  -T0”C,  A  solution,  consisting  of  70  ml.  of 
sulfuryl  chloride  in  500  ml.  of  pietroleum  ether  (b.p.  90-110"C.)  wiis 
added  dropwiso  and  with  vigorous  stirring  over  a  period  of  3  hours.  The 
flask  was  then  allowed  to  warm  over  night  to  room  temperature  to  remove 
unreacted  emmonia.  The  ether  layer  was  removed  by  vacuum  dlstillaticn  and 
the  product  dried  at  room  temperature.  Two  extractions,  each  with  230  mlj 
of  ethyl  acetate,  were  carried  out.  From  each,  white  crystals  resulted  upon 
removal  of  the  solvent.  The  remaining  solid  was  dissolved  in  a  solution 
obtained  by  diluting  20  ml.  of  12  N  hydrochloric  acid  to  I50  ml.  with  water. 
This  solution  was  evaporated  and  the  brown  solid  obtained  extracted  'with 
ethyl  acetate.  The  combined  crystals  from  the  ethyl  ocetate  extractions 
were  dissolved  in  boiling  ethanol.  Cooling  gave  white,  crystalline  sulfamido 
with  m.p.  =92-93 "C. 

2,  Tetramethylenedl sulf otet ramlne .  -  Four  and  eight-tenths  grams  (O.OJ 
miole)  of  oulfamido,  5  g,  of  a  37/^  solution  of  formaldehyde,  and  30 

of  ammonium  hydroxide  were  mixed  In  a  250-ml.  round  flask  equipped  with  a 
reflux  condenser.  On  refluxing,  a  'lAlto  solid  began  to  separate.  After 
12  hours,  the  alxtiure  was  cooled  over  night  to  room  temperature.  The 
white  precipitate  was  filtered,  washed  with  cold  water,  and  di’led.  It  was 
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found  to  te  insoluble  In  most  of  the  organic  solvents  end  slightly 
soluble  in  boiling  water,  from  \Atlch  It  could  be  recrystallized  as  a 
white  powder  with  m.p.  =255-260“  (decompn. )• 

Anal.  Caled.  for  O4H8N4S2O4;  C,  23.33;  H,  3*35;  N,  23.53 

Found  ;  C,  24.20;  H,  3.79;  N,  23,62 

3.  HomopentamethylenetetramlnoBuyone .  -  Four  and  eight-tenths  grams 
(0.05  mole 5  of  sulfamide,  3*9  g*  (0^05  mole)  of  ethylenedlamlne  hydrate, 
and  50  nil.  of  H2O  were  placed  in  a  250-ml.  round  flask  fitted  with  a 
reflux  condenser.  To  that  mixture,  20  g.  of  a  37iS  solution  of  formalde¬ 
hyde  was  added  rapidly.  A  \dilte  precipitate,  due  to  the  ethylenedlamlne- 
methylol  derivative,  was  formed  Immediately,  The  ten^ierature  was  then 
held  at  8o“C.  for  4  hours,  after  which  time  the  mixture  was  cooled  at 
0-5 “C.  The  insoluble  material  ms  filtered,  washed  several  times  with 
cold  water,  and  dried.  It  was  found  to  be  insoluble  in  several  organic 
solvents  and  only  slightly  soluble  in  hot  ethanol  and  hot  water. 

After  purification  by  reoryatalllzation  from  water,  the  compound  was  a 
\diite,  crystalline  material  with  m.p. ?205-206®C.  (decctapn. ). 

Yield:  8.5  g.  (82.5^  of  the  theoretical). 


Anal.  Calcd.  for  CeHifiN4S0a:  C,  35.^;  H,  5*92;  N,  27.44 

Found  :  C,  35.40;  H,  5.91;  N,  26.70 

N.  N'  -bls(  8ulfamido)ethylenedlBfilTie.  -  Four  and  eight-tenths  grams 
05  mole)  of  Bulfsmlde  and  I.5  g*  (O.025  mole)  of  ethylenedlamlne  were 
iiV  •:,>!  together  without  solvent  in  a  100-ml.  round  flask  fitted  with  a 
rnj.'lvix  condenser.  heating  at  90*C.,  emmonia  was  evolved.  The 

flosk  was  kept  at  that  room  temperature  for  1  hoxa:*,  after  whidi  time 
the  mixture  was  cooled  at  room  teurperature.  A  solid  material  formed. 

It  ijas  insoluble  in  organic  solvents  but  very  soluble  in  cold  and  hot 
water.  The  purification  was  very  difficult  .  Ho\/ever,  the  pure 
compound  could  be  obtained  by  reerystallization  from  methanol.  It  was  a 
wl-iite,  crystalline  raaterial,  which  melted  at  148-150“C. 

Anal.  Calcd.  for  C2H1CN4S2O4:  C,  11.00;  H=4.6;  N=25.50 

Found:  C,  11. OP;  H=5.3;  N=22.03 

5.  M. N' -bls( 8ulfamido)ni-perazine.  -  Four  and  eight -tenths  grams  (O.05  mole) 
of  sulfamidewidTrrSsgrToT^S  mole)  of  piperazine  hexahydrate  were  mixed 
together  without  solvent  In  a  lOO-ml.  roimd  flask  equipped  with  a  reflux 
condenser.  The  ten^erature  \«is  held  at  po-110“C,  for  3  hours  by  gentle 
heating.  After  the  evolution  of  ammonia  ceased,  the  mixture  was  cooled  at 
room  temperature  leaving  a  idilte  solid  material.  This  was  filtered,  washed 
sev  eral  times  with  water,  and  finally  purified  by  reerystallization  from 
boiling  water.  The  pure  compound  was  a  white,  crystalline  material,  ^ch 
melted  at  241-243“C.  (deccjqjn. ).  Yield,  5.0  g.  (49.50JJ  of  the  theorcitlcal). 

Anal  .  Calcd,  for  C4HiaW4Sa04;  C,  19.67;  H,  4.95;  N,  22.95* 

Found  :  C,  I9.69;  H,  4.99;  N,  22.68 
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6.  ■  N. K*  -blB(  suit aalflo )hexame5thvlenedlamlne.  -  Two  and  nine -tenths  grams 
(0.025  mole)  of  1. 6-lie::anediamlne  and  4.^  g.  (O.05  mole)  of  sulf amide  were 
mixed  together  without  solvent  in  a  100-ml.  flask  fitted  with  a  condenser. 
After  2  hours  of  gentle  heating  at  90-100*0.,  the  evolution  of  ammonia 
ceased.  The  solid  which  was  formed  was  cooled  at  room  temperature, 
treated  with  cold  water,  and  filtered.  It  was  Insoluhle  in  most  of  the 
organic  solvents  and  slightly  soluble  in  hot  water  and  hoiling  ethanol. 

The  pure  compound,  after  raciystallization  from  ethanol,  melted  at  149- 
152“C.  Yield,  3.0  g.  (50;i  of  the  theoretical). 

Anal.  Calcd.  for  CellieN^SaO^, :  C,  26.27,*  H,  6.6lj  N,  20.43. 

Pound  :  C,  26.9O;  H,  6.49;  N,  20.05. 

7.  Poly( hexemethylenesu^onamlde ) .  -  Pour  and  eight-tenths  grams  (0.05  mole) 
of  suli'amide  and  3.8  g.  ^0.05  moleT  of  1,6-hexanediamine  were  mixed  together 
in  the  absence  of  solvent  in  a  flask  fitted  with  a  reflux  condenser.  The 
temperature  was  held  at  120 “C.  for  6  hovirs.  The  tough  solid,  which  was 
formed,  was  ground  in  a  mortar  and  reduced  to  a  white,  fine  powder.  It 

was  washed  several  times  with  cold  we, ter  to  stop  polymerization  and  then 
with  an  aq,ueous  Bolutlon  of  hydi-ochloric  acid,  after  vAiidh  it  ms  dried. 

The  erucie  material  was  then  extracted  in  a  Soxhlet  apparatus  for  48  hours 
with  water,  but  no  solid  was  recovered  upon  concentration  of  the  solvent. 

The  residue  was  found  to  be  Inaoluble  in  the  gamut  of  organic  solvents 
and  in  boiling  water  and  only  fairly  soluble  in  boiling  DMP  and  DMSO.  After 
rocrys-iiallization  from  DMP,  the  compound  was  a  white  powder  vihlch  melted 
at  (decompn. ). 

C:\lcd.  for  C0H14N2SO2:  C,  40.43;  H,  7.?2?  N,  15.72. 

Found:  G,  39.85;  H,  8.12;  N,  16.46. 


D.  PiBcusslon 

Reactions  of  sulfuryl  chloride  upon  polyamines,  as  an  atter^it  to 
■afflict  interfacial  polycondensation,  have  been  shown  to  yield  the 
l.,.drolyBi3  of  the  acid  chloride  rather  than  the  formation  of  linear 
polymers.  The  use  of  sulfeimlde  instead  of  sulfuryl  chloride  leads  to  a 
variety  of  deamaonatlon  prodvicts,  eanong  which  a  linear  polymer  could  be 
isolated.  The  latter  procedure  seems  promising  for  further  investigation. 


XII.  Reaetlono  of  Sulfomido  nnd  of  N.N-Dialkvlsulf amides 
with  rhoEr7:orus(V'  Chloride 


A.  Introduction 


Among  the  various  reactions  that  the  uq,uo-amiflono  and  the  enmono  sulfuric 
acid  derivatives  undergo,  that  irtth  phosphorus (V)  chloride  is  of 
particular  Interest.  Kirsanov  (35, has  shown  recently  that  both  sulfamic 
acid  and  sulf amide,  when  caused  to  react  with  phopherus (V )  chloride  give, 
ranpectively  and  in  excellent  yields,  trichlorophosphazosulfonyl  chloride 
and  bls-trichlorophosphazoBUlfone  as  main  products,  provided  the  reactions 
are  carried  out  with  highly  purified  starting  materials. 


When  sulfamide  la  employed,  the  atolchioaeta:*y  of  the  reaction  is 
given  by; 

a 

HaNSQaNHa  +  2PCI5 - f  CI3P  =  NSOgN  =  PCI3  +  hUCl 

Not  only  does  sulfamide  behave  in  this  fashion  ■with  respect  to  phosphonta 
pentachlorlde,  but  also  its  N,N-dlalkylderivatlves  gives  the  same  general 
reaction,  in  fact,  KlrsanovT37)  was  able  to  synthesize  some  dialkylamides 
of  trichlorophosphazosulfuric  acid  by  allo^d.ng  the  corresponding 
dialkylsulfomide  to  react  •vri.th  phostiiorus  pentachlorlde  in  the  presence 
of  carbon  tetrachloride  as  a  solvent.  Inasmuch  as  the  work  thus  far 
performed  in  this  area  is  little  and  the  total  Information  available 
very  sketchy,  it  has  been  of  interest  dvu-lng  this  period  to  investigate 
in  detail  methods  of  synthasla  tnd  both  chemical  and  physical  properties 
for  a  number  of  such  compounds. 

All  the  dialkylsulfamldes  necessary  for  our  purposes  ■were  obtained 
by  ammonolyels  of  the  corresponding  sulfamyl  chlorides.  The  flipropyl,  the 
dihutyl,  and  the  morpholino  derivatives  are  described  here  for  the  first 
ti/ae. 


As  far  as  reactions  of  N,N-d;lQl]tylGulf amides  with  phosphorus (V) 
chloride  arc  concerned,  they  eon  be  effected  by  gently  refluxing  the  two 
reactants  in  a  1:1  mole  ratio  in  carbon  tetrachloride  as  a  solvent. 

•'ll  reactions  are  very  exothermic,  and  some  may  occur  even  at  room 
.)  operature  depending  on  the  solubility  of  the  dlalkyl  sulfamide  in  the 
:  '••-ent.  Thus,  with  morpholine  and  diuiethylsulf amide,  it  was  necessary 
i;"  heat  on  the  steam-hath  in  order  to  start  the  reaction,  whereas  diethyl*, 
jrojoyl-,  and  dlbutylsulf amide,  being  fairly  soluble,  reacted  immediately 
at  room  temperat\u:e  as  soon  as  ■the  reactants  were  mixed  together.  The 
yields  of  the  corresponding  N,N-dia21;yl-trlchlorophoBphazosulfoneB  are 
very  good  (ca.  90/i’),  provided  the  starting  materials  are  pure  and  all 
the  operations  involving  weighing  and  handling  phosphorus  CV)  chloride 
are  perfoimed  in  a  dry-box. 

The  general  reaction  of  an  ^,N-dialkyl8ulfoinlde  with  phOBphorua(V) 
chloride  proceeds  as  follows; 

R  R 

^NSOaNIfe  +  PClg  -►  >!S0aN=PCl3  +  2HC1 
R'  R' 

where;  R*R',  may  be  Clla,  C2H5,  Cafly,  C4H0;  C4HaO  (from  morpholine) 

The  follc’rtng  compounds  ■;rere  proiiared  by  this  type  of  reaction; 

I.  B  J.B  -trlchlorophosphazosulfone 

II.  N,J'I“dimethyl-trlchlorophosphazcsul±’one 

III.  N,'N-diethyl-trlohlorophosphasoBulfone 

IV .  N,  N-dipropyl-trlchlorophosphazosulf one 

V .  1,  N-dlbutyl-tri  chlotophospha^zosulf  one 

VI.  N-morpholine-ti-iohlorophoopha'zoBiilfone 

Numerical  and  analytical  data  for  the  comi>ounds  prepared  are  summarized  in 
Table  XI. 


48, 


B.  Chemical  and  Physical  Prcpertlea  . 

Bls-triehloroph03phazoeulfone  and  the  dlalkylamldes  of  trlchlorqphos^azo- 
sulfurlc  acid  here  synthesized  are  either  hl^’-bolUns  llq.ulds  or  lov- 
meltlng  solids.  All  are  very  soluble  In  most  of  the  organic  solvents, 
and  those  ^Ich  are  solids  may  be  purified  by  recrystalUzation  from  carbon 
tetrachloride,  They  react  vigorously  idth  weter,  alcohol,  amines,  and  organo- 
metalllc  compounds.  Special  care  must  he  taken  in  their  handling  because 
of  hygroscopioity. 

C.  Experimental 

1.  M.H-Dlpropylaulfamyl  Chloride  -  A  500-ml.,  J-neeked  flask,  equipped. 

■with  a  mechanical  stirrer,  a  drojiping  funnel  and  a  reflux  condimser, 
vas  cooled  to  -10“C.  by  means  of  an  ice-salt  bath.  Sulfiuryl  chloride 
{154  g, ,  1.0  mole)  was  placed  Into  the  flask  at  -10“C.  and  propylamine 
(50.59  g. »  0‘5  mole)  \ms  added  dropwlse  and  ^d.th  vigorous  agitation  over 
a  period  of  3  hours.  After  the  addition  was  completed,  the  flask  las 
warmed  and  the  mixture  povured  into  a  500-inl.  one-necked  flask  fitted  with 
a  r'sflux  condenser.  Gentle  refluxing  was  continued  for  24  hours.  The 
unveactcd  sulfui’yl  chloride  was  then  slowly  decomposed  by  pouring  the 
mixture  into  an  aqueous  solution  of  sodium  carbonate.  The  oil  ;*ich 
separated  was  extracted  with  ether.  After  removal  of  the  excess  of 
ether,  the  pure  compound  was  finally  purified  by  distillatlon^under 
reduced  pressure.  It  is  a  colorless  oil,  b.9.  77“/l»5  mm.  n5®=1.45C0 
T.'/jld:  60  g.  {60%  of  the  theoretical). 

■  .  L.  Calcd.  for  C6Hi4N0aSCl:  C,  36.10j  H,  7.07;  N,  7.01. 

Pound:  C,  36.22;  H,  7.02;  N,  6.85. 

2.  H . N"Dlbutylsulf mnyl  Chloride .  Sulfuryl  chloride  (134  g. ,  1.0  mole)  vas 

placed  in  a  500  ml.,  3-necked  flask,  fitted  with  a  mechanical  stirrer,  a 
dropping  funnel  and  a  reflux  condenser.  At  -10®C. ,  64.63  C*  (0.5  mole)  of 
dibutylamlne  was  added  dropwlse  to  the  sulfuryl  chloride  with  vigorous 
agitation  over  a  period  of  3  hours.  The  flask  was  then  warned  and  the 
mixture  transferred  into  a  one-necked  flask  equipped  \?ith  a  reflux  condenser. 
The  mixture  was  then  gently  refluxed  for  24  hours.  The  unreacted  sulfuryl 
chlorJ.de  was  decomposed  by  tnsatment  with  an  aqueous  solution  of  sodivan 
carbonate,  and  the  resulting  oily  material  extracted  with  ether.  The 
ether  layer  was  dried  over  caXcltm  chloride  and  the  solvent  removed  under 
vacuum.  The  piure  compound  was  then  obtained  by  distillation  under 
reduced  pressure.  It  Is  a  colorless  oil.  b.p.  93 "/l  mm.  nj*®  =  1.4590. 

Yield:  55  g.  (50?I  of  the  theoretical). 

■Anal.  Calcd.  for  CoHAeNOaSCl:  C,  42.19;  il,  7*96;  N,  6.I5 

Pound  ;  C,  42.:.,;  I!,  7.?2;  N,  6.43 

3.  K .  M-PimethylBulf amide .  -  Some  200  ml,  of  liquid  ammonia  was  condensed 

at  -70^"c,  into  a  500-m3.,  3-necked  flask,  equipped  with  a  mechanical  stirrer, 
a  dropping  funnel  and  a  vent.  Dimethylsulfomyl  chloride  (35*87  g. j  0.25  mole) 
was  added  In  onalL  portions  with  vigoi’oua  agitation,  and  stirring  was 
continued  for  6  hours  after  the  addition  vras  completed.  The  flask  was  then 
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alloved  to  etand  over  Edght  at  room  temperature  to  remove  unreacted  ammonia. 
The  separation  of  the  compound  from  ammonium  chloride  could  he  acccmpllahed 
only  upon  prolonged  extraction  -trith  henzene  in  a  Soxhlot  apparatus.  On 
cooling  the  benzene  solutlcn,  the  pure  compound  was  obtained  as  a  vdiite, 
crystalline  material.  M.P.  9S*C.  Yield:  20  g.  (65^  of  the  theoretical). 

Anal.  Calcd.  for  CaHaWaPaS;  C,  19.36;  H,  6.49;  N,  22.58 

Pound:  C,  I9.38;  H,  6.4?;  N,  22.63 

4.  N-Momholinesulfemide  -  A  500-ml.,  3-necked  flask,  equipped  with  a 
mechanical  stirrer,  a  dropping  funnel,  and  a  vent,  was  cooled  at  -70*C.  by 
means  of  a  Dry  Ice-methylcGllosolve  bath.  Some  250  ml.  of  liquid  ammonia  was 
then  condensed  into  the  flask.  Morphollnesulfamyl  chloride  (46.40  g., 

0.25  mole)  was  addod  in  nmail  portiono,  af-ber  \*Ach.  -asa  ooiiifABUod 

for  6  hours.  The  flask  was  then  allowed  to  stand  overnight  at  room 
tejuperature  in  order  to  remove  the  excess  of  ammonia.  The  crude  material 
was  treated  with  water  to  dissolve  the  ammonlvon  chloride  and  the  residue 
purified  by  recrystallization  from  ethanol.  The  pure  compound  was  a  •vftiite, 
crystalline  material,  m.p.  160-2“C.  Yield:  23  g.  (55^  of  the  theoretical). 

Anal  .  Calcd.  for  C4H10N2O3S:  C,  28.92;  H,  6.O6;  N,  I6.86 

Found  :  C,  29.05;  H,  5.OO;  N,  17.06. 

N . H  -Dinronvlsulf amide .  Some  250  ml.  of  liquid  ammonia  wjis  condensed  at 
■"“■'J..  into  a  500-m.l.  3-neoked  flask,  fitted  with  a  mechanical  stirrer,  a 
;  ping  flannel,  and  a  vent.  Dipropylsulfamyl  chloride  (60  g.,  0.3  mole) 
added  In  small  portions,  with  vigorous  agitation,  and  stirring  was 
CO- 'binued  for  6  hours  after  the  addition  was  completed.  The  excess  of  liquid 
a'-,.icnia  was  allowed  to  evaporate  by  keeping  the  flask  at  room  temperature. 
Inasmuch  as  after  the  removal  of  the  ajuriionia  part  of  the  chloride  was 
still  unreacted,  an  additional  200  ml.  of  liquid  ommonla  anas  condensed  into 
the  flask  and  the  procedure  repeated.  The  coarpcund  was  then  separated  from 
ammonium  chloride  by  extraction  with  ether.  Upon  evaporation  of  the  ether 
eolation,  a  -vAilte  solid  was  obtained,  -vAiich  was  finally  purified  by 
;i'c*oi-ystallJ.zation  from  n-heptane.  The  pure  compound  was  a  -white,  crystalline 
material,  m.p.  69‘’C.  Yield:  44  g.  (85^-!  of  the  theoretical). 

Anal.  Calcd.  for  CoHigNsOsS;  C,  39.9S»;  H,  8.95;  N,  15.55 

Found;  C,  40.10;  H,  8.95;  N,  I5.5O 

N,N-DibutylBulf amide .  a  500-ral. ,  5'necked  flask,  equipped  with  a 

mechanical  stirrer,  a  dropping  funnel  and  a  vent,  -was  cooled  at  -70®C. , 
and  250  ml.  of  liquid  ammonia  were  covideneed  into  it.  Dlbutylsulfamyl 
chloride  (52  g.,  0.25  mole)  was  then  udded  in  small  portions  with  vigorous 
agitation.  After  56  hours  of  stirriiig,  the  flask  was  allowed  to  stand  at 
room  temperature  in  order  to  remove  unreacted  ammonia.  At  this  point,  another 
200  tol.  of  liquid  ammonia  was  condensed  into  the  flask,  and  the  entire 
procedure  ^^aa  repeated.  The  residue  -was  extracted  with  boiling  ether  and 
the  excess  of  ether  removed  under  vacuum.  The  solid  obtained  'tras  finally 
purified  by  recrystallization  from  n-heptane.  The  pure  compound  melted  at 
70'’C.  Yield:  35  g.,  (87. 5$’i  of  the  theoretical). 

Anal.  Calcd.  for  C8.H2oHaQ2S;  C,  46.15;  H,  9*68;  N,  I3.I16 

Found;  C,  45. 9I;  H,  9.83;  N,  13.71 
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T*  "Bia -trlehloroTihosT^azosulf one .  Fourteen  grams  (0.145  mole)  of  dry  sulf amide 
and  ^.6^  g,  (6.291  mole)  of  phoaphorus !y )  chloride  were  placed  in  a  250- 
ml.  one-necked  flask,  equipped  with  a  reflux  condenser  and  a  •phosphorus(V) 
oxide  drying  tube.  By  means  of  an  oil  bath,  gentle  heating  at  50"60*C.  'ijas 
maintained  for  12  hours,  during  x^ich  time  hydrogen  chloride  was  evolved 
rapidly.  'The  temperature  was  then  raised  to  100“C.  and  held  there  for  another 
5  hours.  The  viscous  liquid  obtained  was  heated  at  130“C.  under  vacuum  to 
remove  traces  of  imreacted  phosphorus (V)  chloride.  The  oil  was  dissolved 
in  20  ml.  of  anhydrous  ether,  and  on  cooling  at  0®C.,  a  white  solid  precipitated. 
Because  of  the  hygroscopic  nature  of  the  compound,  filtration  had  to  be 
performed  in  a  dry-box.  The  pure  congiound  is  a  irtiite,  crystalline  material 
•vtich  melts  at  4l-42“C. 

Yield:  50  g.  (95?'  of  the  theoretical). 

Anal..  Calcd.  for  NaOaPaSClo:  N,  7.64 

Found;  N,  7.80 

8.  N,N-Dlmethyl-trlehlorophoaphaL-.os-afone.  Twenty  grsms  (0,l6l  mole)  of  N,N- 
dlmebhylsulf amide,  33*57  g.  (0. l6lraole)  of  phosphorus (V)  chloride,  and  100  ml. 
of  cerbon  tetrachloride  were  placed  in  a  250-ml. ,  one-necked  flask  fitted  with 
a  reflux  condenser  and  a  dryintj  tube,  ilpon  gentle  refluxing,  hydrogen  chloride 
was  evolved  rapidly,  and  in  3  hours  a  clear,  vdiite  solution  was  obtained. 

Cooling  at  0*C.  gave  a  white  prodipitate.  This  was  filtered  and  dried.  The 
pure  compound  is  a  white,  crystalline  solid,  which  melts  at  74°C. 

Yield:  39  g*  (93/^  of  the  theoretical). 

Anal  .  Calcd.  for  CaHeNaOarscis:  C,  9.26;  II,  2.33;  N,  10. 8o 

Found  :  C,  9.75;  H,  2.73;  N,  10.72 

9*  N.N-Plethvl-trlchloroT'hosp'h.aaonulfone.  Thirty-four  and  forty- six 
hundreths  grams  (.0.226  mole)  of  K,N-diethylBulfaraide,  47.16  g.  (0.226  mole) 
of  phosphorus (V)  chloride,  and  1^0  ml.  of  carbon  tetrachloride  ^rere  placed  in 
a  250-ml. ,  one -necked  flask  fitted  wJ.th  a  reflux  condenser  and  a  drying  tube. 

On  heating  the  mixture  with  a  steeun-bath,  hydrogen  chloride  was  evolved 
rapidly.  After  2  hours,  gas  evolution  ceased,  and  a  clear  solution  was  obtained. 
The  excess  of  solvent  was  removed  under  vacuum,  leaving  a  viscous  oily 
material.  The  oil  was  finally  purified  by  distliied  under  reduced  pressure. 

The  pure  compound  is  a  colorless  oil,  which  bolls  at  113®C/0.25  mm.  n?®  » 

1.5000  Yield;  55  6*  (86:-;  of  the  theoretical).  ^ 

ibial.  Calcd.  for  C^HioNcOaPSCla:  C,  16.71;  H,  5*50;  N,  9*74 

Found  ;  C,  16. 63;  H,  3*41;  N,  9*91 


10.  M,N-Dlpropyl-trlchlorophOBpha?.o.3ulfone  ^  Thirty-four  and  two-tenths 
gramB'"(0.lB9  mole)  of  N,N-dipropylsulxomide,  39*53  S*  (O.189  mole)  of 
pho8phoruB(v)  chloride,  and  100  ml.  of  carbon  tetrachloride  were  placed  in  a 
500-nl.  round-bottomed  flask  equipped  with  a  reflux  condenser  and  a  drying  tube. 
The  reaction  takes  place  at  room  temperature  with  evolution  of  hydrogen 
chloride.  The  gently  heatiiig  on  the  steam-bath  was  continued  for  3  hours, 
after  which  time  the  evolution  of  gas  censed.  The  excess  of  carbon  tetra¬ 
chloride  was  removed  under  vacuum,  and  the  oily  material  \dilch  was  left 
was  purified  by  distillation  under  reduced  pressure.  Tlie  pure  compound  is 
a  colorless  oil,  ^rtilch  bolls  at  113'’C. /O.OO5  m.  n^®  =  I.50IO  Yield;  50  g. 
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(Q5<5^  of  the  theoretical). 


Anal.  Calcd.  for  CeHi4N202PSCl3:  C,  22.83;  H,  4.47;  N,  8.87 

Found  ;  C,  22.99;  H,  4.4l;  N,  8.97 

N>N“Dlbutyl-trlehlorophoapbazosulfone  .  Thirty  grains  (0.144  mole)  of  ^N- 
dlbutylaulfainide,  30'*g.  C 0.144  mole of  pHoaphorus ( V)  chloride,  and  100  ml. 
of  carbon  tetrachloride  were  placed  In  a  SOO-al. ,  round-bottomed  flask 
fitted  with  a  reflux  condenser  and  a  drying  tube.  The  reaction  was  very 
exotheimie  and  started  at  room  temperature.  Then  gentle  refluxing  on  the 
steam-bath  was  continued  for  3  hours,  after  which  time  the  reaction  was 
completed.  Ttie  excess  of  carbon  tetrachloride  was  removed  under  vacuum,  leaving 
a  viscous  oily  material.  The  pure  compound,  obtained  by  vacuum  distillation, 
was  a  yellow  oil  vdileh  bolls  at  140“C./0.05  mm.  n,^®  “  1.4952  Yield: 

39*5  S*  of  theoretical). 

Anal.  Calcd.  for  C8HiaN202PSCl3:  C,  27*96;  H,  5.28;  N,  8.15 

Pound  :  C,  27.75;  H,  5.53;  N,  8.3I 

12.  N-Morpholine-trlehlorophosphazosulfone.  Eight  and  three-tenths  grams 
(0.05  mole)of  N-morphollnesulf amide,  10.41  g.  (0.05  mole)  of  phoGphoi'us(V) 
chloride,  and  50  ml.  of  carbon  tetrachloride  were  placed  In  a  250-ml. ,  round- 
bottomed  flask  fitted  with  a  reflux  condenser  and  a  drying  tube.  Gentle 
heating  on  the  steam-bath  was  continued  for  3  hours,  after  which  time  the 
evolution  of  hydrogen  chloride  ceased,  and  a  clear  solution  was  obtained, 
ypou  cooling  at  0“C.,  a  white  precipitate  was  formed;  It  was  filtered  and 
di-iud.  The  pure  compound  is  a  ;*iite,  crystalline  material,  which  melts  at 
94"C.  Yield:  14  g.  (93J^  of  the  theoretical). 

Anal  .  Calcd.  for  C4H8N203PSC13:  C,  15.94;  H,  2.67;  N,  9*29 

Found  :  C,  l6.l4;  ;i,  2.76;  N,  9*3^ 


D.  Discussion 


The  reaction  of  sulf amide  with  phosphorus (v)  chloride  has  been  shown 
to  be  a  general  one.  Vliisn  it  was  apiilied  to  its  |I,N-diBUbBtituted 
derivatives,  the  corresponding  dialkylamides  of  trichlorophosphaEosulfuric 
acid  were  obtained  in  excellent  yields.  This  new  family  of  compounds, 
containing  the  phosphazo  group,  opens  another  interesting  field  in  research 
upon  ^ich  our  efforts  will  be  concentrated  in  the  near  future. 

XIII.  Reactions  of  Bls-tr.tchlorophosrhazoeulfone  and  of  the  Dlalkylanddes 
"'of  Trlchloronhosphazosulfurlc  Acid  td.fh  Grinnai’d  Reagents. 

A.  Introduction 

The  synthesis  of  bis-trichlorophoaphaizosulfone  and  of  some  dialkylamldes 
of  triohlorophosphazosulfurlc  acid  as  products  of  the  interaction  between 
sulf amide  and  its  N,S-di8ubstituted  derivatives  with  phosphorus (V)  chloride, 
has  been  described.  We  also  mentioned  on  that  occasion  that  very  few  solvolytie 
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paracesses  had  been  effected  with  those  starting  materials  #  Zt  has  been  our 
object,  therefore, to  study  the  behaviour  of  these  chlorides  towards  metal- 
organic  conpomidB  and  in  particulai-  to^rard  Orlgnard  reagents. 

Since  alkyl  and  aryl  chlorides  react  rather  sluggishly  with  magnesium 
turnings  lu  ether  to  form  the  alkyl  or  aryl  magnesium  chloride,  the 
corresponding  bromides  were  employed  as  being  the  most  satisfactory  for  this 
purpose.  A  small  crystal  of  iodine,  however,mu6t  be  added  in  order  to  start 
the  reaction.  In  the  first  part  of  our  investigation,  phenylmagnesium  bromide 
imd  p-tolylmagneslum  bromide  have  been  caused  to  react  with  bie-trichloro- 
phoaphaRosxilfone,  N,N-dimethyltrichlorophosphazosulfone,  and  N,ll-dlethyl- 
trichlorophoephazosulCone.  The  N,TI-dipropyi.,  N,N-dlbutyl,  and  morpholine 
derivatives  were  en^loyed  as  woli.” 

In  every  instance,  complete  replacement  of  the  chlorine  atoms  by  an 
aryl  group  takes  place  rather  easily  when  at  room  temperature  an  ether  or 
benzene  solution  of  the  chloride  is  dropped  into  an  ether  solution  of  a 
freshly  prepared  Grlgnard  reagent,  followed  by  gentle  refluxing  for  the 
completion  of  the  reaction. 

Although  no  appreciable  difficulty  has  been  experienced  in  effecting 
the  complete  replacement  of  the  chlorine  atoms  irtth  phenyl  and  p-tolyl 
firovpa,  the  yields  of  corresponding  p-tolyl  derivatives  were  fo\ind 
to  be  slightly  lower.  Tho  difference  is  perhaps  due  to  the  greater  solubility 
of  the  £-tolyl  confounds  in  several  organic  solvents  and  consequent  increase 
In.  difficulty  of  crystallization,  but  other  important  factors  could  be 
f' •■..’I, -lived  as  -well. 

Thus  in  order  to  obtain  further  Information  on  these  nucleophilic 
ni-vjstitutlons,  reactions  of  the  mentioned  chlorides  -vrlth  g-toly  1-magnesium 
bromide  and  with  the  ortho-Grignard  compound  have  been  under  study.  As  we 
suspected,  when  m-tolyhnagnesium  bromide  is  employed  the  nucleophilic 
attack  on  the  phosphorus  atom  becomes  more  difficult,  and  it  is  practically 
non-existent  in  yielding  completely  substituted  derivatives  with  the  ortho 
Orlgnard  compound.  Even  with  excess  of  Grlgnard  reagent  and  upon  prolonged 
refluxing  of  the  reaction  mixture,  the  yields  of  the  compounds  obtained 
from  m-tolyl-magnesium  bromide  were  found  to  be  very  low,  and  no  complete 
substituted  derivative  could  be  Isolated  ^dien  o-tolylmogneslum  bromide  was 
eioployed.  ” 

We  attribute  the  failure  to  sterlc  effects  \Aiich  may  play  an  important 
role  in  the  Inhibition  of  these  condensation  reactions.  Another  factor  of 
possible  importance  is  the  tendency  of  the  chlorides  of  pentavalent  phosphorus 
acids  to  form  insoluble  complexes  with  the  magnesliua  halide  ^en  treated  with 
Grlgnard  reagents.  This  tendency  is  of  course  increased  by  sterlc  hindrance. 

A  typical  example  Is  shown  in  the  reaction  of  phosphorus (V)  oxytrichlorlde 
with  organo -magnesium  corapoundo,  -vdiich  yields  a  mixtiura  of  phosphine  oxide 
durlvatlueo  together  with  derivatives  of  phosphinlc  acid.  The  yield  of 
the  latter  is  increased  by  the  use  of  branched  alliyl  or  aryl  groups  (38,39). 

This  ccBiple.x-formliig  ability  of  the  inteimediateo  has  been  encountered 
In  the  course  of  our  ejqjerJments.  After  the  reaction  was  completed,  product 
could  not  be  found  upon  evaporation  of  the  solvent.  Purtheimore,  extraction  of 
the  gummy  residue  with  different  solvents  did  not  give  positive  results.  The 
desired  compounds  could  only  be  separated  upon  decempooition  of  tho  complex 
with  acidic  solutions. 
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'  This  suggests  the  possibility  that  vith  hindered  Orlgnard  reagents,  the 
Intermediates  react  with  the  magnesium  halide  to  give  an  ether-insoliible 
coiii[)lex  which  then,  under  heterogeneous  conditions,  is  no  longer  capable 
of  reacting  with  the  organo-magneslum  compound  to  yield  conqplete  substitution* 
Upon  acidic  hydrolysis,  however,  the  complex  can  be  broken,  and  phosphlnic 
acid  derivatives  of  the  type  RaNS02KP(0H)Ars  or  R2NS02NHP(0)Ara 
obtained. 

This  assumption  is  also  substantiated  by  the  fact  that  such  conqpounds  are 
soluble  in  aqueous  sodium  hydroxide  solutions  and  can  be  reprecipitated  upon 
acidification  at  pH  ea.  6.  The  trl-substltuted  derivatives,  by  contrast, 
do  nob  hydrolyze  even  in  boiling  aqueous  sodium  hydroxide. 

All  the  reactions  vrere  carrl.ed  out  by  slowly  adding  the  chloride  to 
an  ether  solution  of  excess  Grignard  reagent  and  refluxing  for  a  period  of  ’ 
2k  hours  after  addition  was  cmpleted.  The  products  were  obtained  upon 
hydrolysis  of  the  complex  with  dilute  hydrochloric  acid  or  saturated  ammonium 
chloride.  Final  purification  can  be  achieved  by  recrystallization  of  the 
crude  material  from  absolute  ethanol  or  dilute  ethanol. 

The  general  reaction  is  illustrated  by  the  following  equation; 

R  R 

^NS02N=l>Cl3  +  JArMgBr  .'^'IS0cNaP{Ar)3  +  JMgCJUBr 

R'  R' 

'/'or'e;  R  =  H',  may  be  GH3,  CaHs#  C3H7,  C^Hq  and  CaHaO  (from  morpholine)  and 
'  'V3H3,  p**CH3CoH4,  m"CIl3C6H4  and  o^CIIaCsH^. 

In  the  case  in  whl.ch  hls-triehlorophosphazosulfone  is  employed,  the 
r tolchlometry  is  as  follovm: 

Cl3P=NS02N=FCl3  +  6ArMgBr  Ar)3P=NS02K=P(Ar)3  +  6  ^igClBr 

Uhere:  Ar^CoHs  and  p-CHaCgEi. 

The  following  compounds  were  prepared  by  tills  type  of  reaction; 

1!.  Bls-triphenylphosphazosulfone 
H! .  N,  R-dlmethyl-trlphenylphosphazosulf  one 

III.  W,N-diethyl-trlphcnylph08phazooulfone 

IV .  N,  N-dlpropyl-triphenylphcsphazosulf one 

V .  W,  N-dibutyl-trlphenylphosphazosulf  one 
V  •  N,  N-morphollne  -triphenyl-phosphazosulf  one 

VII.  Bls-tri-p-tolylphosphazosulfone 

VIII .  N,  N-dlmethyl-trl  -p-tolylphospiiazosulf  one 

IX .  N,  N-diethyl-tri-£-tolyli)ho6ph£v:.',08uirone 

X.  N,  N-dlpropyl-trt-£-tolylphoop;-  azc  self  one 

XI.  N_,N-dlbutyl-tri-E-tolylphoBphazoEulfono 

XII.  N,N-morphollne-trl-ii-tolylphoophBzosulfone 

XIII.  ^  N -dimethy].-tri  -m-tolylphos^hazosulf  one 

XIV .  N,  N-diethyl-trl-m-tolylphosphazosulf  one 
^  •  N,  N-morphollne-tri-m-tolylphosphazosulf  one 
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All  the  compounds  here  syntheuized  are  •white,  crystalline,  non- 
hygroscopic  materials  •vdth  reasonably  high  melting  points.  They  are 
Insoluble  in  cold  and  boiling  water;  Insoluble  in  ether,  petroleum  ether, 
and  n-heptane;  fairly  soluble  in  hot  ethanol,  carbon  tetrachloride,  and 
benzene;  soluble  in  acetone  and  chloroform.  Their  purification  is  best 
effected  by  several  recrystalllzations  from  ethanol. 

The  infra-red  spectra  of  chloroform  solution  shd  KBr  pellets  show 
an  Intense  absorption  in  the  llU0-lli|-5  cm.  region,  which  is  associated 
■with  the  symmetrical  0-0  vibration  in  the  -SOe-  grouping.  The  asymmetrical 
vibration,  ^diieh  usually  occurs  in  the  1320-13*tO  cm.  ^  region  disappears, 

\diile  a  ne'W  strong  absorption  band  in  the  1270-1300  ejn."^  is  constantly 
present.  We  attribute  this  vibration  rather  than  to  the  pure  -M=I^  stretch 
due  to  the  ]  group.  The  reason  for  this  assumption  lies'" in  the 

0 

fact  that  in  all  our  spectra  the  peaks  in  the  I3OO  cm,"^  region  are  not 
well  resolved  and  present  a  shoulder.  This  viould  indicate  that  there  might  be 
a  coupling  bet'waen  the  -SOs-  asymmetric  stretch  and  the  pure  -N=P-  ■vibration, 
thus  giving  rise  to  the  strong  vlbi'ation  in  the  I3OO  cm.  ^  region. 

C.  Thermal  Stability  and  Liquid  Ranffe 

The  thermal  stabilities  of  the  compounds  synthesized  during  this 
period  have  been  evaluated  according  to  the  method  described  previously. 
Thermal  stabj.llty  msasuremsnts  •were  carried  out  by  heating  in  an  inert 
atmosphere  for  10  hours  at  SOO'C.  0.2-0. 5  g.  of  the  sajuple  and  determining 
the  loss  of  weight  after  that  period.  Tlie  compounds  whicli  gave  a  loss  of 
■weight  less  than  0.3  per  cent  at  that  temperature,  under-went  further  heating 
at  250*C.,  for  the  same  length  of  time,  and  their  loss  of  welglit  was 
redetermined.  Experimental  data,  in  terms  of  uncorrected  temperatures  and 
of  increasing  ■weight  loss,  are  given  in  Table  I. 

Inasmuch  as  in  our  early  studies  on  N-substituted  sulfaoldes, 
promising  results  in  respect  to  thermal  stability  could  not  be  achieved, 
we  have  attempted  the  synthesis  of  a  new  category  of  compounds  in  which 
the  nitrogen  atoms  of  eulfamide  and  of  its  N-substituted  derivatives  are 
linked  to  phosphorus  atoms  and  the  study  of  their  behavior  towards  heat. 
Purtheitaore,  typical  aryl  radicals  such  as  phenyl  and  p-tolyl  groups,  have 
been  placed  on  the  phosphorus  atoms  by  reaction  with  Orlgnard  reagents. 

Data  from  Table  XIT  show  clearly  that  at  least  at  200*0.  almost  all 
the  compounds  cun  be  considered  as  stable  thexina3.1y  since  the  loss  of 
weight  is  less  than  or  of  the  order  of  percent.  Raising  the  ten^erature, 
ho^wever,  gives  remorlcably  increasing  weight  losses,  ^leh  means  that 
substantial  thermal  decoroposttion  tolies  Tjl.uce  rapidly  at  250°C. 

D.  Experimental 

1.  yhenylmaRnoslum  Bromide  -  Magnesiusi  turnings  (3.646  g.  0. 15  mole), 
previously  treated  ■with  a  small  crystal  of  iodine,  -(rere  placed  in  a  ■well- 
dried,  500-ml. ,  3-necked  flask,  fitted  ^dth  a  reflux  condenser  with  a  drying 
tube  on  top  and  a  dropping  funnel.  Some  70  ml.  of  dry  ether  were  q.ulckly 
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povQNid  into  the  flask.  VRille  the  nlxtiire  v&s  stirred  nagnetleedly, 
bromohenisene  (2^.  ^^3  g.,  0.13  mole)  in  I30  ml.  of  ether  vas  added  drop-' 
vise  to  the  magnbslum.  itifter  a  short  period  of  Induction^  the  reaction 
atazts  immediately  and  continues  until  all  the  megnesivaa  Is  dissolved. 

2«  Bis  -tr:l.nhenylT3bosphago8ulf one  -  Eighteen  and  thirty-three  hvindredths 
grams  (o. 05  mole)  of  'bis-trlehlorophosphazosulfone  in  50  ml.  of  ether^ 
vere  slowly  added  to  an  ether  solution  of  phenylmagneslum  bromide 
(54.39  B't  0.3  mole)  at  room  temperature  over  a  period  of  2  hours.  After 
the  addition  was  completed,  gentle  refluxing  was  continued  for  an* 
additional  3  hours.  The  mixture  was  then  cooled  and  slowly  poured  Into 
a  flask  containing  crushed  Ice  and  40  xnl.  of  concentrated  hydrochloric  acid 
solution.  A  solid,  Insoluble  In  water,  separated  immediately.  It  was 
filtered,  washed  several  times  with  water,  and  dried.  The  pure  eooipciund 
was  finally  obtained  by  extracting  with  benzene  in  a  Soxhlet  apparatus  for 
a  period  of  24  hours.  It  melted  at  240“244®C.  Yield:  10  g.  (32.4)?  of  the 
theoretical). 

Anal.  Calcd.  for  CseHaoNaPaSPg:  C,  70.12;  H,  4.90;  N,  4.54. 

Found:  C,  70-54;  H,  4.98;  N,  4.70. 

3.  N, N-morphollne -trlphenylphosphazosulf one  -  Fifteen  grams  (O.05  mole) 
of  N,|T-morx:hollnetrlchlorophosphazosulfone  in  200mL.  of  benzene,  were 
addnd  in  small  portions  to  an  ether  solution  of  phenyl  magnesium  bromide 
(27-201  g. ,  0.15  mole)  at  room  temperature  over  a  period  of  1  hours.  The 
was  allowed  to  stand  for  3  hours,  after  \ri3ich  time  the  excess  of 
bes-'-iene  was  driven  off  under  vacuum.  The  residue  was  dissolved  in  boiling 
ct.iianoj.,  from  \dilch  upon  cooling,  a  white  precipitate  was  formed.  It  was 
fl  '.'jered  and  washed  with  water  to  dissolve  the  magnesium  halide  until  the 
Writer  solution  gave  a  negative  test  with  silver  nitrate.  The  residue  was 
purified  by  recrystallization  from  ethanol.  The  pure  compound  was  a  white 
crystalline  material,  lAilch  melts  at  l8l-ld2*C.  Yield:  3  6*  (29^  of  the 
theoretical) . 


Ana]..  Caled.  for  CgaHsaNsOaSP:  C,  61.96;  H,  5*43;  N,  6.57. 

Found:  C,  61.72;  H,  5-39;  N,  6,39* 

4.  M,N-  dlpropyl-triphenylphosphazosulfone  -  Twenty  grams  (O.O563  mole) 
of  N,N-dlpropyltrichloroph08phazosulfone  in  50  ml.  of  ether  was  slowly 
added  to  on  ether  solution  of  phenylmagneslum  brc«nide  (36.26  g. ,  0.2  mole) 
at  room  temperature  over  a  period  of  1  hour.  After  the  addition  was 
cospleted,  gentle  refluxing  was  continued  for  an  additional  2  hours.  The 
reaction  mixture  was  then  carefully  poured  into  a  flask  containing  crushed 
ice  and  4o  ml.  of  concentrated  hydrochloric  acid  solution.  The  solid  material 
^ich  separated  was  extracted  with  1000  ml.  of  benzene  in  a  separatory 
funnel.  The  benzene  layer  was  dried  over  CaClg,  and  the  excess  of  solvent 
was  driven  off  under  vacuum,  leaving  a  solid.  The  pure  compound,  after  two 
recrystallization  from  ethanol,  was  a  white,  crystalline  material,  idiich 
melted  at  178-179.5*0.  Yield:  13.40  g.  (48?;  of  the  theoretical). 

Anal.  Calcd.  for  Cs^HseNgOsSF:  C,  65*43;  H,  6.63;  N,  6.36 

Found:  C,  65. 10;  H,  6.48;  N,  6.58. 
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5.  l>3S-dlcthyl-trlphenylphoaphagoBulfena,  Fourteen  en&  thlrty-eeven 
huadretbs  grams  (0.05  mole)  of  H,N-diethyitriehlorophoBphazoaulfone  in 

$0  ml.  of  ether,  was  slowly  added  to  an  ether  solution  of  phenyl-magneslua 
bromide  (27 >19  g>>  0.15  mole)  at  room  tengperature  over  a  period  of  2  hours. 

/rter  the  addition  was  completed,  the  mixture  was  gently  refluxed  for  12 
hours.  The  reaction  mixture  ees  then  slowly  poured  Into  a  flask  containing 
200  g.  of  crushed  Ice  and  50  ml.  of  12  M.  hydrochloric  acid.  The  solid 
Ydileh  was  separated  vaa  extracted  with  benzene  and  the  organic  layer 
dried  over  calcium  chloride.  The  excess  of  benzene  vaa  driven  off  under 
vacuum  and  the  solid,  ■vdiieh  was  obtained,  purified  by  recrystalllzatlon 
frcm  ethanol.  The  pure  compound  was  a  tftiite,  cryatalline  solid,  melting  at 
127*C.  Yield:  13.60  g.  (66.0JJ  of  the  theoretical). 

Anal.  Caled.  for  CsaHasNsOgFS:  C,  64.07;  H,  6.11;  N,  6.79* 

Pound:  C,  63.90;  H,  6.17;  N,  6.89. 

6.  |i,N-dimethyl-trlrhenylpho3phazosulfone.  Twelve  and  liinety-Beven 
hundretha  grams  (0,05  mole)  of  N,N“dlmethyltrlchloropho8phazo8ulfona  in 
150  ml.  of  benzene  was  slowly  added,  ^dth  stirring,  to  an  ether  solution  of 
phenylmagneaium  hromlde  (27*19  6*,  O.15  mole)  at  room  temgperature.  After 
the  addition  of  the  chloride,  gentle  refluxing  was  held  for  an  additional 
12  hours.  The  mixture  was  then  decomposed  by  slowly  pouring  it  into  a 
flask  containing  200  g.  of  crushed  ice  and  50  ml.  of  12  M.  hydrochloric 
acid.  The  solid  ^Ich  separated  was  extracted  with  benzene  and  the  organic 
lay(»r  dried  ewer  calcium  clxlorlde  the  excess  of  benzene  ms  distilled  under 
reduced  pressure  and  the  solid  \Aich  was  left  purified  by  recrystalllzatlon 
from  ethanol.  The  pure  cocipound  was  a  white,  crystalline  material,  \dilch 
melted  at  156-158*0.  Yield;  7.0  g.  (36.8J?  of  theory). 

Anal.  Calcd.  for  CaoHsiNaOaPS;  C,  62.49;  H,  3.5O;  N,  7.28 

Found:  C,  62.52;  H,  505;  N,  7.18 

7.  W,li-dlbutyl-trlphenylphoaphazoBulfone.  Bight  and  six-tenths  grama 
(0.025  mole)  of  ^l^-dlbutyltrichloropbosj^azoBulfone  in  50  ml.  of  ether 
was  slowly  added  to  an  ether  solution  of  phenylmagneslum  brcmlde  (13*59  g.^ 
0.075  mole)  at  room  temperature.  After  the  addition  was  completed,  the 
mixture  was  stirred  and  gently  refluxed  for  12  hours.  The  reaction  mixture 
was  then  poured  into  a  flask  containing  200  g.  of  crushed  ice  and  50  ml. 
of  12  hydrochloric  acid.  The  solid  which  was  separated  was  extracted 
with  benzene  and  the  organic  layer  dried  over  calcium  chlorltle.  Upon 
distillation  of  the  excess  of  henzcnc,  a  solid  material  was  left.  It  wae 
purified  by  recrj'stallizatlon  from  ethanol,  yielding  the  pure  compound 
which  melted  at  149‘’C.  Yield:  6.0  g  (51.5;'  of  the  theoretical). 

Anal  .  Oaled,  for  OasHaaNgOaPS:  0,  66,65;  H,  7.10;  N,  5*98 

Found:  C,  66.76;  B,  7*10;  K,  6.21 

8.  jB-tolylmagneslum  Bromide.  Magneaium  turnings  (3.648  g,,  0.15  nole), 
previously  treated  with  a  small  crystal  of  iodine,  were  placed  in  a  well- 
dried,  500-ml. ,  3'’necked  flask,  equipped  with  a  reflux  condenser,  with  a  drying 
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'tu'be  on  top,  and  a  dropping  funnel.  Sone  70  nl.  of  dry  ether  tiEuy  placed  in 
the  flask.  \Jhile  the  mixture  was  stirred  magnetically,  p-hreanotoluene 
(25.65  g.,  0.15  mole)  In  I50  ml.  of  ether  was  added  drop-wise  to  the 
magnesium.  After  a  short  heating  to  overcome  the  period  of  Induction, 
the  reaction  starts  and  proceeds  smoothly  until  all  the  magnesium  is 
dissolved. 

9.  N. W-dihutyl-tri-p-tolyl'pfaOB'phagosulf one .  Eight  and  six-tenths  grans 

(0.025  mole)  of  NjN-dihutyltriohlorophosphazosulfone  in  50  ml.  of  ether 
was  added  at  small  portions  to  a  wsll-stlrred  solution  of  p-tolylmagneslum 
hromlde  (14.64  g. ,  0.075  mole)  at  room  tei^erature.  After  the  addition  of 
the  chloride,  the  mixture  was  stirred  and  refluxed  for  12  hours.  The 
reaction  mixture  was  then  decomposed  hy  pouring  it  into  a  flask  containing 
200  g.  of  crushed  ice  and  50  ml.  of  12  M  hydrogen  chloride.  The  solid  which 
separated,  was  extracted  w^.th  benzene  and  the  organic  layer  dried  over 
calcium  chloride.  After  the  removal  of  the  excess  of  solvent,  the  solid 
material  rdileh  was  left  was  purified  by  recrystallization  frcni  ethanol. 

The  pure  compound  was  a  white,  crystalline  solid,  that  melted  at  155 °C. 

Yield;  6.0  g.  (48.0?5  of  theory). 

Calcd.  for  C2BH;,9NaO,-,l'S:  C,  68.21;  H,  7.70;  N,  5.48 
Found  :  C,  68.34;  H,  7.59;  N,  5,55 

10.  N,  N-dlaethyl-tri.  -p-tol  ■/IphogphazoBUlfone.  Twelve  and  ninety-seven 
ln\r-±rctha  groima  ^^05  molo,  of  M^M-dlmethyltrichlorophosphazosulfone  in 
150  nl.  of  benzene  Tn.e  Blcw'.y  a0..6d  to  an  ether  solubion  of  p-tolyl 
mnc.nasium  bromide  (29.29  g.,  O.15  mole)  at  room  temperature  with  stirring. 
ATber  the  addition  was  completed,  the  reaction  mixture  was  gently  refluxed 
for  12  hours.  The  mlxbm'e  was  then  slowly  poured  Into  a  flask  containing 
200  g.  of  crushed  ice  and  50  ml.  of  12  M  bydx'ochloric  acid.  The  solid  which 
separated  was  extracted  with  benzene  and  the  benzene  layer  dried  over 
calcium  chloride.  The  excess  of  solvent  was  removed  under  reduced  pressure, 
and  the  crude  product  which  was  left  ims  purified  by  recrystallizatlonfrom 
ethanol.  The  pure  compound  was  a  white,  crystalline  material  •vdiieh  melted 
at  196*0.  Yield:  6..45  g.  (30.O5J  of  the  theoretical). 

Anal.  Calcd.  for  CasHCTNaOaPS;  0,  64.77;  H,  6.3O;  N,  6.56 

Pound  :  C,  64.68;  H,  6.43;  N,  6.26 

11.  Bls-tri -p-tolyl-ohospl-'o /osulf one.  Nine  and  sixbeen-hundreths  grams 
(0.025  mole)  of  bis  -v.richl'.'.  .’ophosphazoBulfone  I'.n  50  ml.  of  ether  ime 
slowly  added  to  an  cbhor  solution  of  p-tolylffl.-i2neBium  bromide  (29.29  g. , 

(1.15  mole)  at  room  temperabure  over  a  period  of  3  hows.  After  the 
addition  was  completed,  gentle  refhndng  was  continued  for  an  additional 
12  hours.  The  mixture  was  then  cooled  and  slowly  poured  Into  a  flask 
containing  crushed  ice  and  50  ml.  of  12  M  poured  into  a  flask  containing 
crushed  ice  and  50  nil*  of  IS  M  hydrochloric  acid  solution.  A  solid, 
insoluble  in  water,  separated.  It  was  extracted  with  benzene  and  the 
benzene  layer  dried  over  calcium  chloride.  After  the  removal  of  the  solvent, 
t?;o  solid  which  was  left  was  purified  by  several  recrystalllzationa  from 
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ethaool*  The  pure  ecopound  melted  at  226 *C.  Yield:  5*0  g.  (29*4^  of 
theory) . 

Anal.  Calcd.  for  C4aH4EHa0aPaS:  C,  72.02j  H,  6.0?!;  K,  4.00 

Pound  ;  C,  71.79i  H,  6.10;  N,  5.94. 

12.  N,N-dlpropyl~trl»B-tolylphos^azosulfone.  Fifteen  and  eeventy-elght 
hundretha  grems  (6.05  mole)  {tf  NjN-dipropyltriehlorophoephazosulf one  la 
50  ml.  of  ether  were  slowly  added*  to  an  ether  solution  of  jj-tolylmagneslum 
bromide  (29.29  g.#  0.15  mole)  at  room  teiT5)erature.  The  mixture  was  gently 
refluxed  and  stirred  vigorously  for  12  hours  after  the  addition  was 
cou^leted.  The  crude  compound  was  then  obtained  by  pouring  the  reaction 
mixture  Into  a  flask  containing  200  g.  of  crushed  ice  and  50  ml.  of  12  M. 
hydrochloric  acid.  The  solid  -vdilch  separated  was  extracted  with  benzene 
and  the  orgartLc  layer  dried  over  calcium  chloride.  After  the  removal  of 
the  excess  of  benzene  by  distillation  under  vacuum,  the  solid  was 
purified  by  reerystallizatlon  from  ethanol.  The  pia-e  ccmpound  was  a  lAiite, 
er.'.'Btalllne  material,  melti.no  at  175“C.  Yield:  9.6  g.  (40^  of  theory). 

AnaJ..  Calcd.  for  CarlUr.NaOa’''--  C,  67. 19;  U,  7.51;  N,  5*80 

Found:  C,  66.99;  H,  7.50;  N,  5*93 

15.  F ,  N-morphollne  -tri -p-tolylphosphazosulf ono .  Seven  and  five-tenths 
grama  '(0.>025  moj.”:)  oi  Aiolin'itrlchlox’ophouphazooulfone  in  80  ml.  of 

bc'ia.'jne  were  aldod  a!.  '  ..l'iiI'..:.  py.-t.i'ino  to  an  ether  solution  of  p-tolyl- 
mac'n'isiun  bromide  (I4..6<i-  g. ,  'bOY;;  mole)  at  room  teiirf.erature  with  stirring. 
Th^'  ;.'jix:;in.’e  was  then  grutly  v*ei'li)X3d  for  12  hours  efler  the  addition  was 
cox  rj.'.fttod.  Tlie  reaction  product  was  povared  into  a  flask  containing 
20'.  gr.  of  crushed  ice  and  50  ml.  of  12  M.  hydrochloric  acid,  from  which  a 
so.lld  separated.  It  was  extracted  with  benzene  and  the  organic  layer 
dried  over  oalclian  chloride.  The  solid  ■jdiich  was  left  after  removal  of  the 
solvent  was  purified  by  recryatallization  from  ethanol,  end  the  pure  oanpound 
WSQ  a  white,  crystalline  material  melting  at  129‘’C.  Yield:  2.5  g. 

(20.0^  of  theory). 

Calcd.  for  CajIfegNaOaPS;  C,  64.09;  H,  6.24;  N,  5. 98 

Found  ;  C,  64.36;  H,  6.26;  N,  5*91 

14.  N, N • dlmethyl-t r i -m  -t o lYlphoophazoaulf one .  six  end  fourty-eight 

hundTcothfi  grems  of  N;il-dlmethyltrichlorophocphazo8ulfone  In 

.'Y  'j  v.’l,  of  benzene  van  s  Low.'  y  added  to  an  ether  aoluiion  of  m-tolylmagnesium 
bKjrilde  (19«55  B-f  0.1  mole)  at  roan  temperature  wj.th  stirring.  After 
t)'..T  addition  was  completed,  the  reaction  mixture  ites  gently  refluxed  for 
P.h  boars.  The  excess  of  Grlgnard  was  decomposed  by  addition  of  100  ml. 
of  e  saturated  aqueous  solution  of  ammonium  chloride.  The  cempound  was  then 
extracted  with  benzene.  The  organic  layer  was  dried  over  calcium  chloride 
and  the  excess  of  solvent  removed  by  distillation  under  vacuum.  The  crude 
product  which  was  loft  was  finally  purified  by  several  recryotalllzatlons 
fm.-;.  ethanol.  The  pure  coinpound  obtained  in  ca.  lOJo  yield,  was  a  xMte, 
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«rys%alline  sollA  ^Ich  melted  at  1S6<9*C. 

^^&1«  Calcd»  fo3r  Cg^fljgYNisOgPS  5  Cf  6^**7Tj  6i96 

Pound  ;  C,  6U.§lj  H,  6.45;  N,  6.31 

15*  N»,w-morphollne-tri~m-toly3.r)hofl|^a8osulfone.  Seven  and  five-tenths 
graoBiB  (0.025  mole)  of  N,N-isorphollnetrichloropho8phazo8ulfc'ne  in  100  xol.  of 
benzene  was  added  at  sinall  portions  to  an  ether  solution  of  m-tolylma^esium 
bromide  (19 <33  £•>  0.1  mole)  at  room  tes^erature  \rLth  stirring.  The  mixture 
vas  then  refluxed  for  an  additional  24  hra.  after  the  addition  vas  coaplated. 
The  reaction  product  vas  poured  into  a  flask  containing  200  gr.  of 
crushed  ice  and  50  nl.  of  12  M  hydrochloric  acid.  The  product  Tras  extracted 
with  benzene  and  the  benzene  layer  dried  over  calcim  chloride.  The 
solid  %4iieh  ijas  left  after  the  removal  of  the  solvent  vas  washed  with  an 
aqueous  solution  of  sodium  hydroxide,  dried,  and  finally  purified  by 
recrystallization  from  dilute  etlianoll  The  p\ire  compound  was  a  white, 
crystalline  material  melting  at  123-125‘’C.  obtained  in  ca.  yield. 

Anal.  Calod.  for  CasHsaNgOaPS;  C,  64.09;  H,  6,24;  H,  5.98 

Pound:  C,  64.93;  H,  6.44;  N,  6.10 

16  .  Attempted  Preparation  of  N,N-morpholine-trl-o-tolylphosiJiazoaulfone. 

Seven  and  five-tenths  grama  of  n,N-morpholinetrichloroph08phaz08ulfone  in” 

100  ml.  of  benzene  was  slowly  added  at  room  temperature  to  a  well-stirred 
ether  solution  of  _o-tolylmagne8ium  bromide  (19.53  6»>  0.1  mole).  Gentle 
refluxing  was  maintained  for  24  hows  after  the  addition  was  coagileted. 

The  excess  of  Gr:l.gr.‘ird  reagent  \m&  decomposed  by  pouring  the  reaction 
mixture  into  a  flask  containing  200  gr.  of  enished  ice  and  50  nd..  of  12  M 
hydroeliloric  acid.  The  solid  which  separated  was  extracted  with  benzene  and 
the  benzene  layer  dried  over  calcium  chloride.  After  the  removal  of  the 
excess  of  solvent,  the  crude  product  was  purified  by  several  reorystalllzatlons 
from  ethanol.  The  ccmpound  which  was  obtained,  gave  m.p.  173-174*0, 
and  mlorosnolyslB  agrees  fairly  good  for  the  disubstltuted  phosphinlc 
acid  derivative. 

Anal.  Calcd,  for  Cie523N204PS:  C,  54.81;  H,  5.87;  N,  7.10 

Pound:  C,  56.32;  H,  5.87;  N,  7.45 


S.  Discuselon 


It  has  been  shown  during  this  investigation  that  both  bls-trlehloro- 
phosphazoBulfone  and  the  dialkylamldes  of  tricblorophosphazosulfurlc  acid, 
undergo  complete  arylatlon  when  caused  to  react  with  phenylmagneslum  bromide 
with  the  production  of  a  new  class  of  compounds  never  described  previously. 

Vlth  £-tolylmsgneslum  biomlde  complete  substitution  is  still  possible 
although  the  final  products  are  recovered  in  lower  yields.  Besides,  the 
broad  melting  points  of  the  crude  materials  and  the  fact  that  they  can  be 
obtained  in  high  purity  only  after  several  recrystallizations  from  ethanol 
lead  us  to  believe  that  partially  substituted  coiqpoui^  are  obtained  as  by-produeta. 
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Wh«n  m-  wd  o-tolylaiagctesli)©  isrcmldes  are  esiplpyed,  eterlc  hindrance  becomes 
most  apparent.  The  yields  of  the  m-eompounds  are  quite  lew  and  those  of 
the  a-compounds  practically  non-existent. 

XW.  Synthesis  of  Trichloropheaphazesulfonvl  Chloride 


A.  Introduction 


The  reaction  of  sulfamic  acid  with  pheBphorus(V)  chloride  was  first 
investigated  by  Ephraim  and  Ourewitsch  (40),  hoped  to  secure  the  unknown 
sulfamyl  chloride  according  to  the  following  reaction: 

mr-ifiOcOH  +  PCI-  M^sOaCl  +  POCI3 

Inasmuch  as  pure  sulfamyl  chloride  was  never  isolated  from  the  reaction 
mixture,  the  authors  concluded  that  sulfamic  acid  reacted  with  two 
mo3.ecules  of  phosphorus  pcutachloride,  the  second  molecule  of  phosphorus 
pentachlorlde  dceomposltf;-,  into  chlorine  and  phosphorus  trichloride  and 
the  latter  thou  ooitf.iining  with  the  sulfamyl  chloride  to  form  a  stable 
binary  compounT.  ci‘  lihe  f<'y:nula  ClSOaNUa.PCls.  The  reaction  then  had  to  proceed 
according  to  the  follovring  stoichiometry: 

NHaSOfiOH  +  2PCls  ■*  HCl  +  POCI3  +  COe  +  ClSpeNHB.PCls 

For  many  years  It  has  been  common  belief  that  that  was  the  final  product 
which  one  can  obtain-  Kocnntly,  however,  Kircanov  (41)  proved  that  the 
product  of  the  In'r.f  rc.-.’  tloia  bot'tcjen  sulfomlo  acj,d  and  phosphorus  pentachlorlde 
is  actually  alhogother  diff<>r>^i)t.  He  noted  that  only  hydrogen  chloride 
and  noh  chlor.t.rAO  is  evolved  In  the  course  of  the  reaction  and  that  the 
reaction  pridunb  i;i  not  a  dark-'Orown  liquid  which  does  not  recrystalllze 
ac  claimed  by  Ephra.i/id  and  CurcwibBch,  but  rather  a  transparent  liquid  idiich 
:i  ’iclni.y  aolidli'icf;  to  a  \rhite  crystalline  maos  after  the  removal  of  the  phos- 
phor'.'o  oxychloride.  The  final  product  proved  to  be  a  definite  compound,  1, e. 
trichlcrophosphazar.ulfonyl  chloride,  which  is  formed  according  to  the  following 
equation: 

HKjiSOaOH  +  2  PCI5  -►  ClSOgN^PCls  +  POCla  +  5  HCl 

Since  trlchlorophosphazosulfonyl  chloride  when  slowly  heated  under 
vacuum  undergoes  an  interesting  decomposition  to  yield  two  isomers  of 
Bulfanurlc  chloride,  it  has  been  of  interest  during  this  synthesis  period 
to  prepare  some  of  this  material  as  a  useful  intermedlote  for  our  future 
syntheals  of  sulfanurlc  chloride.  For  this  purpose,  the  Kirsanov  procedure 
has  been  found  reliable  and  to  give  the  product  in  a  75.0^  yield.  The 
synthecls  is  achieved  by  allowing  dried  sulfamic  acid  to  react  with 
p\ilve?:ized  phosphoru8(V)  chloride  in  the  mole  retlo  1:2  either  in  the 
presence  of  a  little  carbon  tetrachloride  as  n  solvent  or  In  the  absence  of 
S'Oj.vent.  For  better  results,  hox^ever,  it  is  advisable  always  to  cetrry  out 
the  reaction  with  a  slight  excess  of  sulfamic  acid. 

t^on  heating  at  80®-90*C  by  Mans  of  an  oil  bath,  the  mixture  Uquefles 
readily  with  rapid  evolution  of  hydrogen  chloride  and  after  24  hours  the 
reaction  can  be  considered  conq)3.eted.  After  removal  of  the  excess  of 
unreacted  sulfamic  acid  by  filtration,  the  solvent  and  the  phosphorus 
oxytr|ehlorl,de  are  distilled  off  under  reduced  pressure.  The  remaining  liquid 
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exystalUzes  quickly  vhen  chilled^  giving  a  vhlte  solid  nass  saturated  vltb 
liquid.  The  precipitate  Is  filtered  and  pressed  dovn  la  a  dry-box.  The 
melting  point  is  32-33®C, 

B.  Physical  Pronerties 

Trichlorophosphaaosulfonyl  chloride,  like  the  parent  bls-trichloro- 
phoaphazosulfone,  is  a  very  reactive  and  highly  hygroscopic  material.  For 
this  reason  special  precautions  must  be  used  in  its  handling.  Filtration 
of  the  crude  product  must  be  performed  in  a  dry-box,  and  the  use  of  a 
sintered  glass  funnel  is  recommended.  If  a  filter  paper  is  used  and  some 
moisture  is  present,  hydrolysis  takes  place  readily  with  enough  heat  to 
cause  the  paper  to  burn.  Conseqiiently  trlchlorophvssphazooulfonyl  chloride 
tpjst  be  handled  with  care  in  the  presence  of  all  substances  containing 
hi'iroxy-groups . 


Pture  trichlorophosphazosulfonyl  chloride  la  a  vihite,  crystalline  material 
vhlch  shows  a  m.p.  of  It  la  insoluble  in  water  «ind  fairly  soluble 

i'.i  most  of  the  organic  sol-^enhct,  It  is  usually  bbtained  in  reasonable 
purity  directly  from  the  reaction  mixture  so  that  purification  is  often 
necessary.  However,  purification  by  rccrystaliization  from  petroleum 
ether  (b.p.  110*C.)  can  be  achieved,  provided  such  operation  is  performed 
In  a  dry-box  and  the  solvent  has  been  previously  treated  with  concentrated 
suJjfuric  acid  in  order  to  remove  all  the  unsaturated  hydrocarbons. 


C .  ?ilCTerimental 


1.  Trlchloro'phoanha'zosul:..-»nyl  Chloride.  Fourty-eight  and  fifty-four 
haridxoths  grams  (0. 5  mole)  of  dry  and  pulverized  aulfamio  acid,  208.31  g. 

(I'.iO  mole)  of  phosphoruB(V)  chloride,  and  50  ml.  of  carbon  tetrachloride 
were  placed  in  a  500-ml.,  one-necked  flask  equipped  with  a  reflux  condenser 
and  a  drying  tube.  All  operations,  including  weigliing  of  the  reactants, were 
performed  in  a  dry-box.  By  means  of  an  oil  bath,  heating  at  90- 100 °C, 
was  maintained  for  ca.  24  hours,  after  -vdiich  tlt'.e  the  evolution  of  hydrogen 
chloride  ceased.  The  volatile  products  wore  removed  by  vacuum  distiUabion 
and  the  remaining  clear,  viscous  oil  cooled  at  0°C.  VAilte  crystals  started 
to  precipitate  immediately.  The  precipitate  was  filtered  and  pressed  out 
in  a  dry-box  at  0°C.  Upon  chilling  the  filtrate,  more  crystalline  material 
settled  dom.  It  was  filtered  and  pressed  out,  and  the  two  precipitates 
were  comhlned.  The  pure  trichlorophosphazosulfonyl  chloride  Is  a  white, 
crystalline  material,  \dii.ch  melts  at  35-35  “C.  However,  should  the  material 
melt  at  23-25  “C. ,  purification  by  recryatallization  from  petroleum  ether 
(b.p.  90‘’C.)  Is  recommended.  Yield  176.0  (  705?  of  theory). 

Anal.  Calcd.  for  NOsiPSCl^:  N,  5.58 

Found  :  N,  5*52 

D.  Attempted  Preparation  of  Tribrcmonhcsnhazoaulfonvl  Bromide 

Although  both  trichlorophosphazosulfonyl  chloride  and  sulfanuric  chloride 
have  been  successfully  synthesized,  the  corresponding  bromo  derivatives 
are  at  the  present  time  unknown 
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.  We  have  a:^roaehed  the  synthesla  of  trlhromc^oaphaaosulfonyl  hromlde 
hy  allowing  sulfeale  acid  to  react  with  phosphorus  (III)  hroDtlde  and  hrcanlne, 
hoping  that  the  reaction  would  follow  the  trend  noted  with  sulfamic  acid  aid 
phosphorus(v)  chloride.  Little  suoaess,  hox<ever,  has  hcen  achieved,  since 
thus  far  in  our  experlmenta  reaction  seems  not  to  occur,  and  unreacted  eulfamle 
acid  has  been  recovered  in  stoichlonietrical  g,uantity. 

Experiments  were  run  either  in  carton  tetrachloride  or  in  s;- 
tetrachloroethane  as  solvents.  Wien  sulfamic  acid  and  phosphorus  tri- 
trcanlde  in  the  more  ratio  1:2  were  allowed  to  react  in  the  presence  of 
carbon  tetrachloride  and  an  excess  of  bromlns  for  two  days  at  90*C., 
unreacted  sulfamic  acid  and  phosphorus  pentabromlde  were  recovered  upon 
sublimation,  indicating  that  no  interaction  actually  did  occur.  Neither 
was  reaction  noted  using  s-tetrachloroethane  as  a  solvent  and  rffluxlng 
the  reactants  in  the  aeaie  mole  ratios  at  120 “C.  for  one  week.  Upon 
distillation,  bromine  and  phosphorus  trlbromide  were  obtained,  the  residue 
being  constituted  by  unreacted  sulfamic  acid. 

XV.  Synthesis  of  Sulfanurle  Chloride  by  Thermal  Cleavage 
of  Trlehloro-phosphazosulfonvl  Chloride 


A.  Introduction 


It  is  wll  known  that  in  the  ammonolysls  of  aulfuryl  chloride  either 
with  gaseous  or  liquid  ammonia,  other  dcammonatlon  products  such  as 
imidouiSulfamlde  and  sulfimlde  are  produced,  in  addition  to  eulfamlde 
as  a  main  product.  Even  though  sulfimide,  because  of  its  instability  could 
not  be  Isolated  as  such,  Traube  (42)  assumed  he  had  secured  the  correspondent 
silver  salt.  The  silver  salt  of  sulfimlde  me  also  believed  to  have  been 
obtained  by  Traube  (42)  from  the  products  of  the  thermal  decomposition  of 
Bulf  snide. 


It  was  only  later  (45)  that  it  was  shown  that  Traube ’s  salts  were 
actually  salts  of  a  trimer  of  sulfimide,  e.g.  salts  of  trlsulflmlde.  All 
the  attempts  to  isolate  the  hydrogen  compound,  however,  have  so  far 
failed,  thus  suggesting  that  trlsulflmlde,  like  sulfimlde,  must  be  a  very  • 
unstable  compound.  Eecently,  a  tetraaerlc  form  of  sulfimlde  as  a  silver 
salt,  as  well  as  a  methyl  derivative,  have  been  obtained  by  Appel  and 
Ctoehrlng(44)  by  allowing  smraonla  to  react  with  excess  sulfur  trioxlde  in 
nltromethane  solution. 

All  of  this  indicates  that  monomeric  sulfimlde,  if  it  is  formed,  must 
be  very  unstable  and  must  readily  stabilize  itself  by  forming  six  and  eight- 
nembered  rings. 

During  our  study  on  the  sulfur-nitrogen  system.  It  has  been  of 
interest  to  Investigate  a  sulfvir-nitrogen  ring  compound  of  relative 
stability,  and  sulfanurlc  chloride  has  been  chosen  because  of  its  potential 
and  interesting  properties.  Again  it  should  be  pointed  oivfc  that,  althou^ 
sulfanurlc  chloride  Is  readily  accessible,  the  corresponding  acid,  l.e., 
sulfanurlc  acid,  has  not' been  Isolated.  This  is  neither  surprising  nor 
unexpected  since  we  may  regard  si^fanuric  acid  as  an  Isomer  of  trlmerlc  sulfinide. 
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The  tvo  naterials  can  In 

forms  - 

Ofi 


HN  M 
SO2 


fact  he  considered  to  exist  In  the  tvo  tautomeric 


H 


and  the  acid,  Ilka  trisulflmlde  cannot  he  isolated  as  the  hydrogen  compound 
itself. 

This  is  fiortherly  substantiated  by  the  fact  that  hydrolysis  of 
sulfanurlc  chloride  leads  to  sulfanurle  acid  only  as  an  unstable  intermediate 
■with  imidodlsulf amide,  sulfuric  acid,  and  hydrochloric  acid  being  the 
final  products  (45). 

[N=S(0)Cl]a  +  5H2O  ->  [N:^S(0)Cina  •>  H2S04+3HCl+(ll2MS02)aKH 

unstable 

Sulfan'oric  chloride  on  the  other  hand,  is  quite  a  stable  matei’ial.  The 
synthesis  of  this  compoui\d  can  be  accomplished  by  any  of  the  follovring 
procedures ; 

1.  Reaction  of  sulftimic  acid  ■vjith  phosphoruslv)  chloride  and 
thermal  decomposition  of  the  product  (46,47). 

HO-aOsNHs  +  2  PCI5  ...i't  JHCl  +  OPCI3  +  Cl-SOaN^PClg 

90-95 “C. 

3  ci-so2N=FCi3  _ 3r'0Ci3  +  [ci-s(o)n]3 

2.  Reaction  of  a  mixture  of  eulfuryl  chloride  and  thionyl  chloride 
vith  gaseous  omnonla  (48).  The  sulfanurlc  chloride  is  obtained  by 
sublimation  of  the  reaction  products  under  vacuum. 

3.  Oxidation  of  thiazyl  chloride  with  sulfur  trloxide  (49). 

[N=SC1]3  +  SOo  ■*  lN=S(0)Cl]3  +  SOg 

Of  the  three  procedures  available,  the  thermal  decomposition  of 
trichlorophosphazoaulfonyl  chloride  is  the  one  which  gives  the  most 
sati^aetory  syivthesis  of  sulfanurlc  clilorlde.  Purthermore,  two  isomers, 
the  (A  and  g.-forma  ,  con  be  obtained.  Goehring's  procedure,  which  involves 
the  reaction  of  a  mixture  of  sulfuryl  clilorlde  and  thionyl  chloride  In  the 
molar  ratio  2:1  with  gaseous  ammonia  at  -GO“C.,  yields,  among  other  deammonetlon 
products,  only  the  j/  form  of  sulfanurlc  chloride  and  that  in  low  yield. 

The  method  involving  the'  oxidation  of  thiazyl  chloride  (triiaer)  with 
sulfur  trioxide  does  not  seem  very  practicable  because  of  'che  difficulties 
which  one  ^rould  encounter  in  the  preparation  of  the  thiazyl  chloride. 
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•  Trichloarophoaphazosulfonyl  chloride,  on  the  other  hand,  can  he 
readily  prepared  in  75*052  yield  hy  the  reaction  of  gulfaitiie  acid  with 
phosphoi-uaCV)  chloride.  .Upon  heating  the  chloride  at  130-l40*C  at  a  pressure 
of  ca.  5  om*  for  3  hours  Vhlle  a  streom  of  dry  air  is  slowly  passed 
through  the  substance,  phosphorus  oxytrlchloride  is  released  almost 
quantitatively,  and  the  residue  consists  mainly  of  a  mixture  of  isomera 
of  Bulfanuric  chloride.  Two  substances  (;2L  2_.)i'ieve  Isolated  from 
the  reaction  product,  and  at  least  three  more  substances  are  believed  to  be 
present  although  they  have  not  been  isolated  yet. 

Inasmuch  as  the  recovery  of  phosphorus  oxytrlchloride  is  almost 
quantitative  and  the  yields  of  the  two  isomers  are  quite  low  (Pk.O^  for 
the  ^  fn:M  and  l8.0?5  foi'  the  g.)  in  comparison  to  the  overall  yield,  it  is 
reasonable  to  assume  that  monomeric  aulfanurlc  chloride  can  undergo 
further  traneformationa,  polymerization,  In'particular. 

/  Cl 

N=S(0)C1  —1-^  [N=S{0)C1]3  +  [-S=N-] 

0, 

Substances'^^  and  g  contain  no  hydrogen  or  phosphorus,  the  formula  being 
l^S(o)Cl,  and  thelh  molecular  weight  being  eq'iivalevit  to  [N=S(0)C1]3. 

The  materials  appear  to  possess  a  ring  structure  with  either 
alternating  single  and  double  bonds  between  nitrogen  and  sulfur  atoms,  or 
with  alternating  positive  sulfur  atoms  and  negative  nitrogen  atoms  as: 


•s#-°*v 

0.  ”  d  Cl 

*^5  S  ^ 

Cl-^ 


-0\(t>.Cl 

S' 


>  .h.'f 


Cl 


S  SCf) 
'N-  ^ 
C-) 


Q,' 


Cl 


I  II 

One  form  melts  at  144-145.'5“C,  and  by  analogy  with  cyanuric  chloride 
it  is  called  .fli^-Bulfanurlc  chloride,  It  maybe  called  also  1,3,5- 
trlchloroxo-l, 3, 5-trlthlatriazine.  The  other  form  melts  at  47 °C.  and  is 
called  g-Bu,lfanurlc  chloride.  Kirsanov  suggested  the  two  forms  to  be  cla 
and  trans  isomers,  the  els  isomer  with  the  three  chlorine  atoms  on  one 
side  of  the  ring  and  the  trans  isemer  vdth  t’,70  chlorine  atoms  on  one  side 
of  the  ring  and  the  third  chlorine  on  the  opposite  side  of  the  ring.  Such 
an  assumption,  however,  implies  a  planar  ring.  This  has  been  shorn  recently 
not  to  be  the  case  (50).  X-ray  studies  on ‘^-sulf anuric  chloride  have 
shown  the  crystals  to  be  orthorhombic,  vrLth  four  molecules  per  vmit  cell 
of  dimensions  a  =  7*60  A,  b=11.46  A,  c=10. 10  A.  and  bond  lengths: 

S-N=l. 50  A.,  S-C1=2,00  A.,  and  3-0=1.45  A.  The  arrangement  of  the  bonds 
around  the  sulfur  has  been  foxuid  to  be  roughly  tetrahedral,  and  the 
S-N-S  angles  to  be  120". 
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Thus  fonmila(XI)  proposed  as  an  alternative  by  Kirsanov,  contributes 
inslgnlfiLcaatly  to  the  overall  molecular  structure.  Furthemore  since 
the  sulfur-nitrogen  bond  distances  are  identical  and  quite  close  to  the 
double-bond  distance  (1.56  A),  delocalization  of  the  Ti'-electrons  must 
occur  with  alternating  single  and  p77'-d''T' double  bonds.  The  throe 
chlorine  atoms  have  been  found  to  be  all  axial,  and  a  chair  configuration 
has  been  assigned. 

No  data  are  presently  available  as  far  as  the  structure  of  g_-8ulfanurlc 
chloride  is  concemod.  Inasmuch  as  it  is  an  isomer  of  -sulfanuric  chloride, 
a  chair  configuration  wit.!.'  three  oxygen  atoms  axial  and  three  chlorine 
atoms  equatorial  an  irell  ae  the  boat  form  mlsht  be  assisoaed.  More  work 
on  this  area,  there.Core,  has  to  be  done  before  such  an  assignment  can  be 
eutabllohcd. 

In  the  coxurse  of  our  investigation,  several  experiments  to  cleave  the 
trichlorophosphazosulfonyl  chloride  have  been  performed  under  different 
conditions.  In  all  instances,  cleavage  did  occur  only  when  the  reaction 
mixture  -ma  heated  at  ISO-lHO'C  and  when  the  pressure  in  the  system  was 
maintained  at  ca.  8-10  mm. 

The  separation  of  and  p  iGiomers  has  been  effected  with  a  slight 
modification  of  Kia'sanov  p.'ocedure.  flter  the  themal  cleavage  went  to 
completion  the  product  lel'i  in  the  distJ.llation  flask  was  extracted  several 
times  vr>.th  hot  n-heptane,  from  whi.ch  upon  cooling  large  cxystals  settled. 

The  precipitate  was  filtcmi,  and  the  excess  of  sclvnnt  was  driven  off 
under  vacuum.  The  coahlncl  materials,  which  consist  mainly  of  a  mixture  of 
and  P  svilfonuric  cl:..3crid-3,  were  sublimed  then  under  hlgli  vaoaum.  d- 
sulfanuric  chloride  cublimes  readily  at  room  temperature  at  0.005 
whereas  the  c/.Bulfaaurlc  chloride  sublimes  at  60-80®C.  under  the  seme 
pressiue. 

« 

After  extraction  of  the  ©('and  p  isomers,  the  remaining  viscous  oily 
residue  was  found  to  be  very  hygroscopic  and  Insoluble  in  several  organic 
solvents. 

B.  Physical  Pronerties 

Thefii'  and  p  sulfanuric  chlorides  are  white,  crystalline,  hygroscopic 
materials,  which  melt  without  decomposition  at  144-146°C.  and  at  46-47>5“C. 
respectively.  The  P  form  hydrolyzed  more  readily  than  the  form  and  its 
melting  point  is  depressed  by  tho  presence  of  molstiare.  Both  can  be 
stored,  however,  for  a  long  period  of  time  in  a  dlslccator  over  sulfuric 
acid  or  phosphGrus(V)  oxide  wihout  appreciable  change  in  their  oon^osltion. 

Both  forms  are  insoluble  im  water,  in  which  they  hydrolyze  slowly; 
readily  soluble  in  organic  solvents  such  as  ether,  benzene,  ethyl  acetate; 
sparingly  soluble  in  carbon  tetrachloride  and  chloroform;  and  very  slightly 
soluble  in  n-heptane  and  petroler®  ether.  Tlie  last  tv;o  solvents  were 
found  the  best  for  their  purlficotion. 
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0.  Experimental 

and  P  Sulfanurlo  Chloriae.  Two  hundred  twelve  {jrams  (0.05  mole) 
of  trichlorophosphazoaulfonyl  chloride  (m.p.  )  was  placed  in  a 

distillation  flask  fitted  with  a  deflaBraetor  and  an  inlet  tube  for  dry  air. 

The  receiver  was  chilled  at  -70“C,  by  means  of  a  freezing  mixture.  Dry  air, 
previously  desiccated  with  ealclvan  chloride,  was  continuously  passed  through 
the  Bubsteuace  in  order  to  maintain  the  pressure  in  the  system  at  c.a.  8-10 
mm.  Heatl.ng  was  held  at  ].00“C. ,  and  the  temperature  was  then  slowly  raised 
to  IJO^C.  At  this  temperature,  thermal  decomposition  started  and  phosphorus 
oxytriehlorlde  began  to  distill  rapidly.  After  1  hour  at  130“C. ,  the 
temperature  was  raised  to  140“C.  for  an  additional  one  hour  and  finally  to 
150®C.  for  a  short  period  of  time.  Usually,  after  2.5  hovrs,  the  distillation 
of  phosphorus  oxytriehlorlde  ceases,  and  the  thermal  clta/age  can  be 
considered  finished.  A  tobal  of  115  S*  of  phosphorus  oxytx'ichlorld*  were 
recovered  in  the  chilled  receiver,  which  means  that  ^0,0^  of  the  trlchloro- 
^osphazosulfonyl  chloride  under^jent  cleavage. 


The  dark  residue  in  the  distillation  flask  quickly  solidified  to  a 
dark  mass  when  the  flask  tos  kept  at  room  temperature.  The and  P 
sulfanuric  chlorides  were  extraccocl  from  the  reaction  products  by  means  of 
hot  n-heptane.  Upon  cooling,  large  crystals  separated,  which  were  filtered 
and  dried.  The  excess  of  solvent  was  removed  vacuo,  and  some  more 
material  was  recovered.  The  Bo3.1dB  were  combined,  and  the  separation  of  the 
two  isomers  was  achieved  either  by  sublimation  under  high  vacuum  or  by 
fraobional  crystallizatlcn  from  n-heptane  or  petroleura  ether  b.p.  90*C. 
Sublimation  works  well  since  the  c' sulfaniirlc  chloride  sublimes  readily  at 
8’.''‘’C.  \mder  high  vacuum,  wnereas  the  0  form  sublimes  at  room  temperature 
iroder  the  same  vacuum.  N'O  diiferenoe  in  melting  point  was  found  between 
the  material  obtained  by  eubllmatlon  and  that  obtained  by 
recirystalllzatlon  from  n-lieptane.  The;-)i(  -sulfanuric  chloride  melts  at  144« 
145'’C. ,  the  p-form  at  46-47 °C.j  toth  without  decomposition.  Yields: 
sulfanuric  chloride,  12.0  g.  (14,5!^  of  theory)}  P -sulfanuric  chloride  8.0  g. 
{9.8?5  of  theory). 


Anal.  Calcd.  for  c/ (USOCl)  N,  14.36 
Pound:  N,  14.47 


M.W.  Calcd.  292.578 
Foimd  300 


Calcd.  for  P(NSOCl) 
Pound: 


N,  14.36  M.W.  Calcd.  292.578 

N,  14.21  Pound  294 


D.  Attempted  Prenaration  of  Sulfanuric  Chloride  by  Reaction  of  Thlonyl 
Chiorlda  with  Ammonj.um  Chloride  In  the  Presence  of  Chlorine 


We  have  found  it  interesting,  in  dealing  with  the  preparation  of 
sulfanuric  chloride,  to  attempt  the  direct  synthesis  of  this  material 
by  the  reaction  of  thlonyl  chloride  with  ammonium  chloride  as  a  source 
of  nitrogen.  In  the  presence  of  chlorine  as  a  oxidizing  agent.  Sym- 
tetrachloroethane  was  tised  as  a  solvent  In  our  e::parimentG.  Reactions 
have  been  carried  oub  under  different  conditions  of  time  and  teraperature 
and  al^rays  with  a  large  excess  of  ommonium  chloride.  The  reaction  should 
proceed  according  to  the  following  stoichiometry: 

3SOCI2  +  3NH4CI  +  3Cl2  ■*’  [N»S(0)C1]3  +  12HC1 


69. 


Unfortunately  even  after  refluxlne  the  reactants  at  110-130“C. 
for  one  week,  the  reaction  has  failed  to  yield  any  product.  Aumonlujn 
chloride  was  in  all  instances  recovered  unchanged  thus  indicating  that  the 
nitridation  of  thionyl  chloride  did  not  occur  as  expected.  In  fact, 
the  reaction  could  start  only  if  oxidation  of  sulfur(IV)  to  Bulfur(Vl) 
hy  the  action  of  chlorine  takes  place.  The  absence  of  such  an  oxidation 
to  produce  even  as  an  unstable  intermediate  the  unknown  thionyl  tetrachloride 
may  perhaps  be  the  reason  for  failure  of  the  reaction. 


E,  Attemrted  Preparation  of  Sulfanurlc  Fluoride  by  Metathetical  E3:change 
of  Sulfanuric  Chloride 


Inorganic  aromatic  systems  such  as  the  phosphonitx'llic  chlorides  and 
thtazyl  chloride  have  been  successfully  converted  into  the  corresponding 
fluorine  compounds  either  by  the  use  of  fluorlnating  agents  like  potassium 
fluorosulfinate,  silver  fluoride,  and  lead  fluoride  or  by  metathetical 
exchange  xd.th  sodium  fluoride  in  acetonitrile  and  nitrobenzene  as  solvents. 

The  synthesis  of  sulfanuric  fluoride  has  not  been  reported  as  yet 
although  the  corre3pondJ.ng  chloride  can  be  successfully  synthesized  by 
several  different  procedures.  The  only  reference  in  the  literature(5l) 
describes  the  synthesis  of  polymeric  sulfanuric  fluoride  by  the  reaction 
of  thionyltetrafluorlde  with  ammonia,  according  to  the  following  eijuatlon; 

P 

COP4  +  4NH3  •>  mi[PSN]  +  2DIH4P 

0 

The  smraoniura  salt  upon  sublimation  there  yielded  a  polymer  as 

F  ^  p 

[PSN]  1  (-S^N-)  +  IIII4P 

0  n  0  “ 


There  was  no  indication,  however,  \diether  the  trlmer  was  found  among  the 
deconqposltlon  products.  It  has  been  of  interest,  therefore,  to  attempt 
the  synthesis  of  and  g,  sulfanuric  fluoride  by  the  metathesis  of  the 
corresponding  chlorides  with  sodium  fluoride  in  nlti'obenzene  as  a  solvent. 
Moreover,  if  such  a  synthesis  could  be  attained  successfully,  the  availability 
of  and  0  sulfanuric  fluoride  would  permit  a  study  of  the  fluorine 
nuclear  magnetic  resonance  spectra  and  consequently  a  possible  speculation 
as  to  the  stereochemistry  of  the.o*'  and  0  forms. 

Nitrobenzene  was  chosen  as  a  solvent  because  of  its  high  boiling 
point  with  the  hope  that  the  sulfanuric  fluoride,  if  formed  during  the 
metathetical  exchange,  could  be  volatilized  and  subsequently  trapped  in 
relatively  high  purity  in  a  vessel  chilled  at  -TO®C.  Such  a  procedure 
which  works  excellently  for  the  preparation  of  the  phoaphonitrllic  fluorides, 
has  failed,  however,  to  yield  the  sulfanuric  fluorides. 
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Reactions  were  carried  out  always  in  the  presence  of  a  large 
excess  of  sodium  fluoride  end  at  temperatures  of  lOO^Cv ,  l^C'C. ,  and 
180 “C.  In  no  case,  even  upon  refluxing  with  stirring  of  the  reaction 
mixture  for  24  hours,  could  product  he  recovered  in  the  chilled  container. 
The  Kitrohenzene  solution,  slightly  colored  at  low  temperatures,  became 
darter  and  darker  upon  refluxing,  and  after  24  hours  it  appeared  to  be 
completely  black.  Neither  could  product  or  unreacted  starting  sulfanuric 
chloride  be  recovered  after  distillation  of  the  excess  of  solvent  and 
extraction  of  the  residue  with  several  organic  solvents. 

This  suggests  that  decomposition  and  not  exchange  may  occur  during 
the  cource  of  the  reaction.  These  prellmlnai'y  failures,  though,  do  not 
allow  us  to  conclude  that  exchange  is  Impossible,  but  rather  than  that 
nitrobenzene  may  not  be  a  suitable  solvent.  Our  effortN  in  the  future  will 
be  extended  to  the  s:mtheais  of  this  interesting  material,  using  different 
and  lower  boiling  solvents. 

P.  Dlscusaion 


Of  the  methods  available  for  the  preparation  of  suJfanuric  chloride, 
Kirsanov's  procedure  has  been  shown  to  be  the  moat  suitab].e.  Although 
yields  are  not  very  satisfactory,  they  are  greater  than  those  obtained 
by  any  other  known  procedure,  and  in  addition  two  geometrical  isomers 
are  obtained.  The  thermal  cleavage,  however,  requires  a  more  complete 
investigation  to  permit  Identification  of  the  reaction  residue  in  ^ich 
some  other  interesting  decomposition  products  may  still  be  contained. 

The  raetathetical  exchange  reaction  of  sulfanuric  chloride  with  sodium 
lAuorlde  in  nitrobenzene  has  failed  to  produce  the  desired  fluorine 
compound.  No  exchange  was  noticed  during  the  courcse  of  the  reaction  but 
rather  only  the  decomposition  of  tlie  starting  material. 

XVI.  Plxiole  Moment  Measurements  of  and  p -Sulfanuric  Chlorides 
A.  Introduction 


The  synthsalB  of  and  p-sulfanuric  chloride  by  the  thermal  cleavage 
of  trlchlorophosphozosulfonyl  chloride  has  been  discussed  previously. 

On  the  same  occasion,  we  also  pointed  out,  that  during  the  cleavage  the 
two  forma  were  produced  in  yields  ca.  24.0  and  iB.OjJ,  respectively. 

Other  experiments  corried  out  recently  in  this  area  have  fully  confirmed 
these  results,  and  molecular-wight  determinations  by  the  vapor  pressure 
method  have  shown  that  the  molecular  weights  are  of  the  same  order  for 
both  materials.  The  products  appear  to  differ  only  in  melting  point. 

On  the  basis  of  such  results,  it  is  reasonable  to  assxune  that 
isomerism  must  be  involved  in  the  moD-ecule  of  sulfanuric  chloride  althou^ 
the  cl a  and  trans  configurations  are  to  be  excluded  on  the  basis  of  a 
rficent  x-ray  stiidy  on  the  crystal  oft:/-6ulfaaurie  chloride.  As  a  result  of 
such  investigation,  tlie  ring  has  been  found  not  to  be  planar  and  the 
chair  configuration  has  been  assigned  to  the  -  foim  of  sulfanuric  chloride. 
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The  structure  of  P-sulfanuric  chloride  remains  unknown.  Inasmuch 
as  the  electric  dipole  moment  is  strictly  related  to  the  symmetry  of  a 
molecule,  we  have  found  it  intereeting  to  determine  this  constant  as  a 
possible  approach  to  the  identification  of  the  ^-Isomer. 


It  is  known  that  vtien  a  medium  is  placed  between  the  pistes  of  a 
capacitor,  the  capacitance  la  increased  by  a  iactor  known  as  the 
dielectric  constant.  If  Co  la  the  capacitance  with  a  vacuum  and  C  the 
capacitance  with  the  medium  between  the  plates  of  the  condenser,  the 
dielectric  constant  ^  is  given  by  the  following  ratio: 


C 

Co 


Since  the  introduction  of  any  medium  increases  the  capacitance  while  the 
charge  on  the  condenser  plates  must  remain  unchanged,  the  electric  field 
between  the  plates  must  be  reduced  by  the  same  factor  ^  .  (52). 


The  reduction  in  the  electric  field  may  be  due  to  tw.ti  effects. 

In  the  first  Instance,  which  is  always  true  whether  the  molecule  of 
the  medium  has  a  permanent  dipole  moment  or  not,  a  Bepare.';ion  of  the 
ponltlve  Slid  negativa  charges  within  each  molecule  tends  to  take  place. 
The  molecules  are  said  to  undergo  a  distortion  nolnrizatlon.  P^. 

If,  however,  the  molecule  of  the  medium  has  a  permanent  dipole  moment 
a  second  effect  known  as  orientation  polarization.  Po,  will  bo  present. 


Both  the  molar  distortion  polarization  and  the  molar  orientation 
p'larizatlon  have  the  dimensions  of  a  volume,  and  it  can  be  said  that 
bho  total  molar  no.'i  arlzatlcn.  P^,  is  given  by  the  following  equation; 


-M 


4  + 2d 


Moreover  the  distortion  polarization,  arises  in  two  ways:  First,  the 
electrons  in  the  molecules  will  be  displaced  \d.th  respect  to  the  nuclei 
towards  the  positive  pole  of  the  applied  field.  This  effect  is  known  as 
the  electron  polarization,  often  called  also  molar  refractivlty,  P_. 
Second,  the  nuclei  will  be  slightly  displaced  with  respect  to  one  toother 
giving  rise  to  the  atom  nolarlzatlon .  P^.  Thus  we  can  say  that; 


and  that  the  total  molar  polarization  is  given  by; 


4 


1’  +  r,,  +  r. 

—o  —A 


Applying  the  Debye  equation  to  the  total  aolar  polarization  ve  have: 

4  =  4  +  4=  +  .i:®/5K  T)  (I) 

3 

If  we  restrict  our  considerations  to  dilute  solutions  of  polar  molecules 
in  non-polar  solvents,  we  con  express  the  total  molar  polfo-izatlon  also 
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liy  the  ClauBlus-MQSSottl  equation: 


C".  -  1  )  M 

+  2  d  (II) 


Equating  expresslona  (1)  and  (ll)  for  the  total  molar  polarization,  we 
dbtalu: 


(  ^  -  1  )  M  =  h-JiJo  (  tasLjj  +/^/3  K  T)  =  Pj,  (III) 
^  +  2  d  5 


In  order  to  derive from  equation  (III),  two  difforent  procedures 
can  he  followed.  By  means  of  the  ten^erature-method,  it  can  he  shown 
that  under  normal  conditions  of  measurements, and  2^.  are  temperature 
independent.  We  can  then  measure  the  dielectrio'^conatanr  and  the 
density  d  over  a  range  of  temperature  and  plot  P„,  calculated  from 
equation  (I),  against  1/t.  Prom  equation  (II),  ™e  slope  of  the  graph 
•^Till  he  equal  to  4  If  No>-^/9  K,  and  the  intercept  of  the  line  at  1/t  =  0 
wj..Ll  give  the  value  of  "P_  (53T*  Aithoueli  the  evaluation  of  4^  hy  the 
temperature  method  appears  to  he  a  sliiiple  process,  there  are  actually 
several  difficulties.  It  Involves  the  assumption  that^  is  independent 
of  temperature,  and  this  is  not  always  true.  Moreover,  not  all  substances 
are  stable  over  a  sufficiently  vd-de  range  of  temperature  for  this  method 
to  ha  applied. 


Thus  a  second  method,  known  as  the  refractlvity-method,  has  therefore 
been  recommended  to  e].iminate  the  effect  of  distortion  poiarlzation. 
t'ue  refractlvity  method  is  based  on  the  fact  that  the  speed  of  response 
ci’  the  three  types  of  poD.arlzhtlon  (electron,  atom,  and  orientation)  to 
an  oscillatory  electric  field  differs  greatly.  Pi’rthermore,  a  simplification 
can  be  introduced  through  the  Maxwell  relationship  that  the  dielectric 
constant  Is  equal  to  the  square  of  the  refractive  Index,  provided  the 
refractive  index  is  meaevu'ed  at  a  sufficiently  high  frequency  for  the 
orientation  polarization  lo  be  absent.  This  latter  method,  though 
preferable  bo  the  temperature  method,  has  some  disadvantages  also.  We 
cannot  allow  for  the  solvent  effect  due  to  interactions  between  8o3.utes 
and  solvent  molecules,  and  wo  have  to  allow  for  the  atom  polarization,  P., 
even  though  there  are  no  ways  of  evaluating  it.  Such  a  value,  however, 

1,8  usually  very  small  and  can  be  estimated  to  be  between  5  and  13  per  cent 


Such  a  procedure  is  the  one  we  have  used  in  the  determination  of 
the  dipole  moment  of<2(_  and  p  sulfanuric  chlorides.  Among  the  several 
approaches  available  for  the  determination  of  and  P„,  we  have 
applied  the  Halverstadt-Kuraler  equation.  Such  a  proceaure  is  an 
extension  of  the  original  Debye  equation  for  the  calculation  of  the  total 
molar  polarization: 

Pjj  “  Pr.fl  +  P^fg  =  ^  ~I  '*•  IfcCa  +•  •  •  • 

e  +2  d 

If  r„  io  calculated  by  using  weight  fractions  (Wg)  instead  of  molar 
fractions  (f),  a  linear  relationship  otlll  holds  between  dielectric  constasts 
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and  Bpeclfle  volumes  and  weight  fractions.  The  procedure  is  also  much 
simpler  since  the  molecular  weight  of  the  solvent  need  not  he  known. 
Dieregarding  the  whole  mathematical  ca3.culation,  the  Halverstadt- 
Kumber  expression,  which  gives  the  specific  total  polnriaation,  is 
as  follows: 

^  -  i  (Vo  + 

(ii+2)®  ii  +  a 

\diere  and  g.  represent  respectively,  the  limiting  values  of 
and<^y7~*)w;-»  at  zero  concentration,  v  the  specific  volume  of  the  solvent, 
and  ^,1  the  dielectric  constant  of  the  solvent.  The  total  molar 
polarization  is  then  given  hy: 

£„  =  %  M-H 

The  specific  electron  polarization  may  he  derived  fj.’nm  the  measured 
values  of  the  rafractl/e  index,  using  tlie  analogous  relationship  for 
the  molar  polarization: 

-o  (v-  +  3) 

(ni^  +  2)*^  +  2 

where  la  replaced  hy  ni®  and  is  the  limiting  value  of 

a't  zero  concentration.  The  total  molar  refractivity  will 

then  he: 

£jj[  ®  ^  M.W. 

Having  now  the  values  of  Pj,  and  PE,  it  is  posslhle  to  evaluate  Po  and 
finally  the  dipole  moment  using  the  following  formula:  ” 

0.0128.10'^®  u.e.s  Po  X  T'k 


=  0.0128  VPo  X  T*K  D. 

For  our  purposes,  the  dielectric  constants  of  pure  benzene  and  of  several 
benzene  solutions  of  .-j  -  and  |3-sulfanurlc  chloride  were  determined  hy 
means  of  a  capacitor  at  25“C.  The  respective  specific  volumes  were 
determined  at  the  same  temperature  with  a  calibrated  pyenraneter,  \Aiereae 
the  refractive  indices  of  the  colorless  solutions  were  measured  irLth  a 
differential  refractometei’  at  the  1)56  ruA^line  of  mercury  (S**).  Values 
of  3«81  Si  and  2. 19  D  were  obtained  for  and  i3-Bulfanurio  chloride 
respectively.  "* 

B.  Experimental 

C^-  and  g,-sulfanuric  chlorides  were  recryatallized  from  n-heptane 
until  sharp  melting  points  of  144-145.5*0.  and  47“C.  were  reached.  Benzene 
was  redistilled  over  pho8phorus(V)  oxide  and  stored  over  sodium  wire  for 


Zk  hows.  In  the  exjierlsients  perfomedi  the  following  nomenclature  has 
been  used: 


wa  «  weight  fraction;  =  dielectric  constant  of  benzene; 

=  dielectric  conotants  of  Bol^vtlons;  Vj.  =  specific  volume  of 
benzene;  Via  =  specific  volxanes  of  solutions;  <5^  =  l4.is/  4335  &  ® 

^  3ia43a~5  ^  %zl 5  molar* polarization;  P_  = 

molar  refractivity;  P  =  molar  orientation  polarization;  and  « 
dipole  moment.  All  mSasurepients  vrere  carried  out  at  25 *C.  ( 296*K. ) . 
The  valuBS  of  ^  ,  £,  and  ^  were  obtained  graphically. 

Results  are  summarized  in  Tables  XIII^  XIV,  and  XV. 


C.  Discussion 

The  dipole  momenta  of  ck.  and  ^-sulfanurlc  chlorides  in  benzene 
have  been  determined  and  found  to  be  of  the  order  of  5.80  D  and  2.19  D 
respectively.  If  we  consider  a  bond  moment  as  a  vector  quantity  directed 
along  the  line  of  the  Internuclear  axis,  ve  may  approximate  the  total 
dipole  moment  of  a  polyatomic  molecule  as  given  by  the  vector  sum  of 
the  various  bond  moments. 


Inasmuch  as  the  chair  configuration  irlth  all  the  chlorine  axial, 
has  been  recently  assigned  chloride,  it  Is  expected 

that  this  substance  must  possess  the  greatest  dipole  moment  in  respect 
to  the  other  possible  forms.  g,-Bulfanuric  chloride  is  uiidoubtly  less 
polar  since  its  dipole  moment  has  been  found  to  be  2,19  U'  either 

i..;’/;ther  chair  form  or  the  boat  configuration  miglit  be  ascigned  to  its 
nolecu].e. 


To  ■vrtiich  form  it  might  belong,  it  is  not  possible  to  say  on  the 
basis  of  dipole  moment  speculations  only.  Further  x-rays  studies  are 
necessary  in  order  to  define  such  an  establishment. 
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Table  XIII 

Meaaturement  of  Electric  Dipole  Moment 


Weight  fraction  j 
Ila  1 

pielectilc  constant 
of  solutlona  I 

Specific  volume' 
of  solutions 
Via 

Square  of  refractive 
indices 

S®ia  1 

0.01900 

1  2.3770  ' 

1 

1.114 

2.2455 

0,0100 

2.3280  ‘ 

1.120 

2.2440 

0.0060l^ 

2.3060 

-  -  - ‘ 

1.123 

2.2437 

6_i  =  2.2724  vi  B  1.1S60  n®i  =  2.2440 
^  -  5.50;  -&  =  0.70;  ^  «  0.035;  Py  =  35^^;  4  »  4l;  =  295 

0.0128  \/g^  ’xT'Kr  =  0.0126  ^^295  X  298 

a  0.0128  v'’887x6  ‘a  3.80  D. 


1 


i 
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Table  XIV 


Measurement  of  Electric  Dluole  Moment 

Weight  fraction 

Dielectric  constants 

Speciric  volumes 

Square  of  Refractive 

of  solutions 

of  solutions 

indices 

WjB 

^is 

2ia 

£*12 

0.02230 

2.4000 

1.1290 

2.2518 

0.01310 

2.3470 

1.1360 

2.2506 

0.00644 

2.3110 

. 

2.2500 

=  2.2724 

vi  =  1.167 

ni^  =  2.2440 

<2L  -  5‘50;  «  0.70}  ^  =  0.093}  4j  =  3^+8  }  Pj.  =  52.6  }  =  295.  U 

0.0128  VJP^  X  T'K.  =  0.0128  \J  293~h~x'^S 
=  0.0128  \J  88.0C0  =  5.80  D 


Table  XV 

Measurement  of  Electric  Dloole  Mment 
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Inasmuch  as  and  £  sulfanuric  chlorides  are  isomers,  the  deoBitles 
and  the  refractive  indices  of  theii*  solutions  do  not  differ  greatly  within 
the  e:i^erimental  error.  Consequently,  for  the  calculation  of  the  dipole 
moment  of  g.-sulfanurie  chloride  on.ly  the  variations  of  the  dielectric 
constant  have  been  determined.  The  molar  refractivlty  has  been  calculated 
by  using  the  values  of  g,  and  obtained  graphically  in  the  determination 
of  the  dipole  moment  fori^'  -aulfariurlc  chloride. 


Weight  fraction 

Dielectric  constants 
of  solutions 

_ la 

0.009712 

j  2.297 

0.006174 

1  2.290 

0.003376 

1 

1 

2.285 

.^,1  =  2.2724  vi  =  1.1446  ni®  »  2.2440 
eA  «  1.88;  -p  .  0.70;  ?<=  0.093;  =  141.8  ;  pe  *  43.3;  Po  «  98.5 

0.0128  Vp^xT'K  =  0.0128  \/98.5  X  298 
«  0.0128^29.300 


2.19  £, 
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